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[57] ABSTRACT 

A dual port timing controller (DPTC) (56) in conjunc- 
tion with an interprocessor communication register 
(596) provides a shared random access memory (S- 
RAM)(22a). The S-RAM can be accessed either by a 
local processor (18) or a host processor (595) which, in 
a preferred configuration, controls an integrated circuit 
integrated services data protocol controller. The DPTC 
provides control signals allowing an ordinary RAM to 
be operated as an S-RAM, The DPTC includes a sema- 
phore register (596) that stores bidirectional interpro- 
cessor interrupts, enabling passing of high level mes- 
sages between the local and host processors. 
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ister, storing bidirectional interprocessor interrupts, 

DUAL-PORT TIMING CONTROIXE» provides coordination for the passing of high level 

CROSS-REFERENCE TO RELATED, messages between the local and host processors. 

CO-PENDING APPLICATIIONS 5 BRIEF DESCRIPTION OF THE DRAWINGS 

Co-pending applications of particular interest to the PIO. 1 shows an illustrative case of an ISDN Proto- 

instant appUcation is U.S. Ser. No. 759,622 filed July 26, col ControUcr (IDPC) of the instant invention m a ter- 

1985, on behalf of Alan T. Clark, Hadi Ibrahim and minaj adapter (TA). 

Arthur F. I^e, and entitied Con- piG. 2 is a block diagram of the IDPC 10 of the 

troUcr*' now U.S. Pat No. 4,635,255, issued Jan. 6, instant invention. 

1987; U.S. Ser. No. 034.822, filed Apr. 3, 1987 on behalf piG. 3 is a functional block diagram of the IDPC 10 

of D. Guhck, T I^w^ C Crowe en^tkji "Data ^ ^ h^terrelationship between the DLC 52 

Protocol Controller*'; U.S. Scr. No. 035,817, filed Apr. ^^j^Tj™ • * X. rr^r%^ 

3. 1987. on behalf of D. Oulick. T. Lawell and C 15 "-"Jthe remau^g portKMS of Ae IDPC 

Crowe, entitled "Packet-At-A-Time Reporting in a n0.4Bablockdiagramof^ 

Data Link Controller"; U.S. Ser. No. 035,683, filed AeDLC 52 of the IDPC 10. 

Apr. 3, 1987, on behalf of D. OuUck and T. Lawell, ^ "p- ' ^ *^«' transmitter 

entided "Data Unk Controller wiA Hexible Multi- ,„ ""^'"^ Btst-out (FIFO) 100 of the DLC 52. 

plexer"; and U.S. Ser. No. 035,684, filed Apr. 2, 1987. ^° < in«»tr«*e8 serial-to-pandld shift register 

on behalf of D. Gulick, T. Lawell and C. Crowe, entl- tiansniitter 102 portion of DLC 52. 

tied "Enhanced Universal Asynchronotis Receiver- FIG- ^A. illustrates the structure of the Zero Bit In- 

Transmitter". all assigned to the assignee of the instant senion Unit 124 of the DLC 52 transmitter 102. 

application. 25 ^ iUustiates the structure of the Flag/Abort 

FIELD OF TOE INVENTION ^ °^ transmitter 102 portion of 

DLC 52. 

This mvention relates to control of elements on an piG. 8 is a block diagram of the transmitter portion of 

integrated circuit and, more particularly, to access of a ^ Serial Bus Port 104 

memory shared by a local processor and a host proces- 30 ^ ^^^^^ uansmitter portion of 

SBP 104. 

BACKGROUND OF THE INVENTION FIG. 10 is a block diagram of the receiver portion of 

An integrated circuit (XQ may employ an external ^ ^^C 52 of the IDPC 10. 

•local" processor for control of various elements on the FIG. 11 is a block diagram of the receiver portion of 

IC The IC may also employ an external memory ele- ^ Serial Bus Port 104 of DLC 52. 

ment for storage of data received from, or transmitted F^O- ^2 shows the tuning of the recdver portion of 

to. the IC. SBP 104. 

In conjunction with such a local system, a '*host*' 40 FIG. 13 is a block diagram of the Flag/Abort Detec- 

processor may be used and it is therefor desirable to tion Unit 214 of the receiver 108 portion of DLC 52. 

share the external memory between the local and host FIG. 14 is a block diagram of the Zero Bit Deletion 

processors. Unit of element 218 of the DLC receiver 108. 

It is desirable to employ an ordinary random access FIG. 15 is a block diagram of the Short frame Byte 

memory (RAM) as the external memory element for ^5 Counter 260 of element 218 of the DLC receiver 108. 

cost reasons and to maintain compatibility with the FIG. 16 is a block diagram of the Seiial-to-Parallel 

purely local system. Shift register 208 and 210 and related element of the 

Furthermore, it is desirable to be able to provide DLC receiver 108. 

inter-processor communication using the shared RAM. piG. 17 is a block diagram of the address detection 

SUMMARY OF THE INVENTION 226 of the DLC receiver 108. 

A dual port timing controller (DPTC) which can be ,1^^:}^ ^^^^ "^"^^ °^ ^^""^ 
used with an interprocessor communication register, 

provides a shared RAM (S-RAM) used in conjunction 55 ^ * diagrana of tiie operation of the 
with an integrated circuit integrated services data pro- transmitter 102 portion, 
tocol controller. The S-RAM can be accessed either by ^IG. 20 is a state diagram of tiie operation of the 
the local processor or the host processor. The DPTC 52 receiver 108 portion, 
provides control signals allowing an ordinary RAM to 21 is a functional block diagram of the UART 
be operated as an S-RAM. These signals include: mem- ^ ^ employed in the IDPC 10 of the present invention, 
ory cycle timing signals, control signals for buffers and FIG. 22 is a block diagram of the parity checker and 
latches required to isolate the host's system bus from the special/character recognizer 412 of the UART 54 em- 
local processor's system bus and generation of interrupt ployed in the IDPC 10. 

signals permitting interprocessor communication via 55 FIG. 23 is a block diagram showing interconnection 

the semaphore register. of the Dual-Port Timing Controller (DPTC) 56 of the 

In another aspect of the invention arbitrating access IDPC 10 of the instant invention to a host processor and 

to the S-RAM, the DPTC includes the semaphore reg- a local processor. 
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FIG. 24 is a fbnctional block diagrain of the DPTC lOPC 10 to INTO Bnd INTl tenxiiiials of microproces- 

56 of the IPDC 10 of the instant invention. sor 18. Their meaning and operation will be described 

FIG. 25 is a timing diagram showing the timing rela- hereinafter, 

tionship among the control signals received by the Two line drivers 42 and 44 are shown connected to 

DPTC 56 and then subsequently generated thereby. the IDPC 10 providing full duplex serial data transmit 

FIO. 26 illustrates the interprocessor interrupt and receive functions, respectively, coupled to a UART 

schemeemployedbythelDPClOoftfaepresentmven- section of IDPC 10. Various control signals are re- 

— . . quired to be conducted between the elements illustrated 

FIO. 27 18 a diagram of the four-stagc "dclay<^ sta- lo in FIG. 1. as will be undewtood by those skilled in the 

tus apparati^ employed for the Receive Fiame Status ^ „^ ^^^^^ ^ ^ .^^^^^ 

l^A ^ me IDPC 10 is controlled by internal status and 

Siijrc « ^s^" ^^^^ '"^^^ 

1^ ware running on the microprocessor 18 ("local proces- 

DETAILED DESCRIPTION OF A PREFERRED sor") connected to the IDPC 10. While the IDPC regis- 

EMBODIMENT ters can be mapped into either memory 20 or 22 or to 

With reference to FIG. 1, an illustrative use of an input/output devices. The IDPC registers occupy a 64 

integrated Data Protocol Controller (IDPQ 10 in a byte block located in the microprocessor 18 address 

terminal adapter (TA). A Digital Subscriber Controller 20 space. The starting address of this block is determined 

(DSC) 12 such as that described in the related, cross- by address decode logic external to the IDPC 10 which 

referenced, co-pending patent application U.S, Ser. No. is used to generate the IDPC chip select signal. 

034,822, filed Apr. 3, 1987 and entitled '^Digital Sub- in systems containing more than one microprocessor 

scriber Controller" assigned to the assignee of the in- (e.g,, Pereonal Computer with a FPU ("host proces- 

stant appUcation, which application is incorporated sor") and a local processor), only the local processor 

herein by reference, is shown in FIG. 1 connected by a ^ access the IDPC registers. Although the IDPC 

bidirectional bus 14 to the IDPC 10: the serialport of ^ontams bus arbitration hardware to allow two proces- 

DSC 12 to a serial bus port of the IDPC 10. fThe nu- RAM 22 on the IDPC external bus 16. 

meral 4". appears adjac^at to bus 14 mdicating that 30 there U no corre^onding built-in arbitration to aUow a 

four signals are conducted m paraUd on bus 14; this ^^^^ j^^^ ^^^^^ ^^^^^^ 

notational practice is used henceforth m the various ^^^^^^ ^^^^^ ^^^.^^ ^ 

drawings employed m describmg the mvention.) As ^^^^^ ^^^^ ^ J ^^^.^ 

descnbcd m the related, co-pendmg apphcation, the /• , j. i. ^ « * * *v / ^ j . xi. 

DSC 12 interconnects the TA at an "S" interfa^ to 35 ""^""J"* Jf* ^ not connected to the IDPC ex- 

temai bus 1q< 

network tennmatmg (NT) eqmpment As such, the . ^„ , , . ^. 

various D. and B-channels ^e demultiplexed off the ^ P'^f ^ ^^^^^ IDPC operation mdi- 

tdecommunications network and passed to the TA, and ^^.^^^ issumg requests to the local proces- 

convcrsely, the separate B- and D<hamiels are multi- ^ accompUshcd via Bus Ari^itration (mem- 

plezed for transmission over the network A bidirec- ^[L' u^^^^^^i^^'!'''''^' f^'^T? '"P" 

tmnal data bus 16 interconnects the DSC 12 and the ^ <^^^^P^on of this arrangement 

IDPC 10; the data bus 16 carries B- and D<hamiel ^ comiection with FIG..23. 

information between these elements as well as between Briefly, the host processor wntes a command (e.g., 

a microprocessor 18, a read-only memory (ROM) 20 45 "Send Data on the B-Channel" and associated paramc- 

and random access memory (ILAM) 22. ters to a set of contiguous locations of RAM 22 on the 

The microprocessor 18 generates lower-byte address ^^^^ external bus 16. This portion of RAM 22 (re- 

signals conducted also on bus 16 (time-division multi- ^ ^ * "mailbox") is no different from the rest of 

plexed with the data signals) to an address latch 24 and IDFC external bus 16 except that the 

generates upper-byte address signals conducted on a bus ^ processor 18 software "knows" that commands 

26 to the latch 24. The latch then conveys this address ^^st processor will be placed at that particular 

signal via a bus 28 to the IDPC 10, the DSC 12, the address. The operation of the IDPC Bus Arbitration 

ROM 20 and the RAM 22. Clock (CLK), chip select allows either processor to access the mailbox is 

(CS), read (RD) write (WR) signals generated by the 55 totally transparent to software. The host processor uses 

microprocessor 18 are conducted to the IDPC, the the IDPC Interprocessor Interrupt facility to notify the 

DSC, the ROM and RAM via signal lines 30, 32a-d, 34 local processor that there is a command present in the 

and 36» respectively. An address latch enable (ALE) mailbox. The local processor notifies the host processor 

signal generated by microprocessor 18 b conducted to of command results and status in a similar fashion, writ- 

an enable (E) terminal of the address latch 24 via a ^ ing to pre-arranged locations in RAM on the IDPC 

signal line 36. The meaning and operation of these sig- external bus and interrupting the host processor using 

nals is weU known to those skilled in the art and will not the IDPC Interprocessor Interrupt facility, 

be described herein. The four major elements internal to the IDPC 10 are 

Finally, a data link controller interrupt (DLCINT) 55 shown in FIG. 2 comprising microprocessor interface 

signal and a Universal asynchronous receiver transmit- (MPI) 50, a data link controller (DLC) 52, a universal 

ter (UART) interrupt (UARTINT) signal are con- asynchronous receiver-transmitter (UART) 54 and a 

ducted via signal lines 38 and 40, respectively, from dual-port timing controller PPTQ 56. A signal line 57 
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conducts the clock signal generated by MPI 50 to the FIFO 100 and to the internal busses 58, 60 and 62 and to 
DLC 52« the UART 54 and the DPTC 56. Bidirectional the Serial Bus Port (SEP) 104. A receive first^in, first* 
Busses 58, 60 and 62 interconnect all major blocks of the out (RECV FIFO) register 106 is connected to the 
IDPC 10; the DLC 52, the UART 54 and the DPTC 56. internal busses 58, 60 and 62. A receiver 108 is con- 
Bus 58 conducts address signals received on a 6-conduc- nected to RECV FIFO 106 and to the internal busses 
tor address signal line by MPI 50. Bus 60 conducts data 58, 60 and 62 and to the SBP 104. the transmitter 102 
signab received at an 8-conductor data signal line by and receiver 108 each include status, command and 
MPI 50. Bus 62 conducts control signals generated by control registers. All programmable registers and a 
MPI 50 upon reception thereby of chip select (CS), io portion of the FIFOs called data registers can be ac- 
write (WR), read (RD) signals and power down/reset cessed via the busses 58, 60 and 62. These registers arc 
(PD, RESET) signals. A more complete description of mapped directly into microprocessor 18 memory space, 
the UART 54 and the DPTC 56, including the various and are described in detail hereinafter, 
signal lines shown in FIG. 2 will be given in connection The Serial Bus Port (SBP) 104 receives a serial clock 
with FIGS. 21--25. (SCLK) signal, a serial frame synchronization (SFS) 
The MPI 50 oonniects the DLC 52 and UART 54 to time-multiplexed with a transmit dock (XMITCLK) 
the external microprocessor 18. The design and con- and generates a serial bus output (S60UT) signal. The 
strnction of the MPI 50 is conventional and understood description of operation of DLC 52 transmitter and 
by those skilled in the art. Accordingly, it will not be 20 receiver portions requires an understanding of bit-ori- 
elaborated on herein. As will be explained hereinbelow» ented protocols (BOPs) such as SDLC, HDLC, LAPB 
the DLC, UART, and DPTC have user accessible reg- QL.2S) and LAPD. 

isters. A 64 byte address space is subdivided by the MPI Bit oriented protocols provide a set of rules and tech- 

50 into a 31 byte UART space, a 32 byte DLC space, niqules that facilitate the transfer of data over a commu- 

and a 1 byte DPTC space. The address decodmg of the nications network* This discussion will not concern the 

individual spaces b performed internal to the UART, workings of the upper level of the protocols— sequence 

DLC, and DPTC. The 64 byte space is allocated as numbers, acknowledges, and the like— since these are 

follows: the responsibility of the software that runs on the local 

30 processor 18. The present description concentrates on 
the aspects of the protocols that affect the hardware of 
the DLC 52. 

The BOPs call for transmission of data in packets. 
Packets are delimited by unique Flag characters and 

35 contain an address, some control information, the data 

The DLC portion 52 of the IDPC 10 has the task of itself, and an error detection code. The address identi- 

providing a full duplex interface (simultaneous transmit ^cs the sender or the receiver of the data. The control 

and receive) between the Serial Bus Port (SBP) and information is used by higher levels of the protocol to 

three internal parallel busses 58, 60 and 62 of the IDPC. 40 manage the flow of data. The data, which is contained 

Through the use of separate 16-byte receive and trans- ^ ^ information field, is user information. Packets that 

mit first-m f!rst-out FIFOs buffers and two external are used for protocol control often omit the information 

direct memory access (DMA) channels, the DLC 52 field (this is the only optional field). The error detection 

provides movement of data to and from external mem- code is a Cyclical Redundancy Check (CRC) and DLC 

ory 20 and 22 and the SBP. The DLC performs low 52 uses the CCITT-CRC code. In addition to addresses, 

level (ISO layer 2-) bit oriented protocol processing on control, data, and error checking, the BOPs employ 

this data. The mi^or protocols supported are SDLC, s^^^^ mechanisms as Flags, Bit Stuffing, and Abort char- 

HDLQ LAPB (X.25), and LAPD. acters. The following section is a glossary of BOP terms 

FIG. 3 represents a ftmctional block diagram of the functions. These items will be used throughout the 

IDPC 10 highlighting the major functional blocks of the description of the DLC 52. 

DLC 52. The MPI 50 is shown mterconnecting the In the bit oriented protocol environment data is trans- 
external data and address busses 16 and 28 (FIG. 1) as mitted in frames. Protocols such as SDLC, HDLC, 
well as the control lines 30, 32a; 34, 36 and 38 with the LAPB (X.2^, and LAPD shre the same basic frame 
internal busses 58, 60 and 62 (FIO. 2). The DPTC 56, format: 



ADDRESS 


USE 


00-31 


DLC 32 


32-62 


UART 54 


63 


DPTC 56 



FRAME 

FLAG ADDRESS CONTROL INFO CHECK FLAG 

(I or 2 (lor 2 (OPTIONAL) SEQUENCE 
QUI mo bytes) bytea) (16 btts)0UU110 



UART 54 sections of the IDPC 10 are connected to 

busses 58, 60 and 62. The DLC 52 portion of the IDPC The eight bit Flag character is identical for all of the 

10 is shown in FIO. 3 as comprising five major func- ^3 above mentioned protocols. It is exactly 01111110. Its 

tional blocks. A transmit first-in, first-out (XMIT bit pattern is unique withm a packet because the "bit 

FIFO) register 100 connected to the internal busses 58, stuffing" technique (described later) used does not 

60 and 62. A transmitter 102 is connected to XMIT allow six contiguous ONEs to be present in the packet 
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portion of a Frame. The Flag character can perform The Closing Flag is the last field in the frame. It 

three functions: as an Opening Flag, as a Closing Flag, mdicates the end of the frame and signals that the FCS 

and as an mter-padcet £01 character. should be checked. 

The Opening Flag is defined as the last (perhaps only) ^ A packet is a frame minus the Opening and Closhig 

Flag prior to a non-Flag, non-Abort character. (The Flags. 

Abort character is defined below.) All valid packets When frames are not being transmitted over the link 

must begin with a Flag. The Opening Flag indicates the provided by DLC 52, the link is said to be Idle. When 

beginning of a packet. When Flags are being used as the Unk is Idle the DLC transmitter 102 can be pro- 
interframe fill characters, a non-Flagi non-Abort char- 10 grammed by microprocessor 18 to send an all ONEs 

acter must be received before the preceding Flag can be pattern. This is referred to as a Mark Idle (MI) condi- 

kientified as an Opening Flag. tion. Specifically, an MI is defined as at least 1 5 contigu- 

The principal difference between the lower levels of ous ONEs. 

the various BOPs is the address field. All addresses are Prior to and between frames, back to back Flags can 

of an integer number of bytes in length. In general an be transmitted over the link. This is referred to as a Flag 

address can be one, two, or N bytes long. Idle (FI) condition and is selected by microprocessor 18 

The length of an N byte long address is determined program control, 
by the valuje of the least significant bit in each byte of The DLC receiver 108 is said to be In-frame when it 
the address. This bit, called the Extended Address bit 20 is enabled and the first non-Flag, non- Abort character is 
(EA), identifies the last byte of the address. All of the received after the receipt of at least one flag. In-frame is 
bytes of an N byte long address will have the EA bit valid until the Closing Flag is detected, an Abort char- 
cleared to a ZERO except the last byte of the address. acter is received or an error is detected. The DLC 
The presence of an EA bit set to a ONE indicates that 25 transmitter 102 is said to be In-frame from the time that 
the byte is the last byte of the address. The length of the it starts to send an Opening Flag until the last bit of the 
address field affects the detection of a Short Frame. Closmg Flag has been transmitted, assuming that the 

In some protocols the second bit (bit 1) of the first transmitter is not commanded to send an Abort se- 

byte of the address is used to indicate whether the frame quence, 

is a command or a response. This bit, called the com- The DLC receiver 108 or transmitter 102 is said to be 

mand/response bit (C/R), can be either a one or a Out of Frame any time it is enabled and no In-frame. 

ZERO without invalidating the address. Any pattern of at least seven contiguous ONE bits is 

The control field immediately follows the address said to be an Abort character. An Abort character is a 
field. The DLC 52 treats the control fiekl as packet 35 physical entity, not to be confiised with the Abort con- 
data. That is, the DLC does not take any action m re- dition— which is an action. The Abort condition, simply 
sponse to the contents of the control field. The control called an Abort, is described below. It is important to 
field can be either one or two bytes long. The length of note that there is a subtle difference between an Abort 
the control field has an impact on the detection of a character and a Mark Idle condition. Back to back 
Short Frame. 40 Abort characters do not necessarily constitute a Mark 

The information field, when present, follows the Idle condition. A repeatmg pattern of seven ONEs 

control field and precedes the Frame Check Sequence. followed by a ZERO (111111101111111011111110 . . ) 

The information field contains the data that is being is a series of Abort characters, but not a Mark Idle. The 

transmitted between users. The information field con- 45 DLC sends at least one "01111111" when commanded 

tains an integer number of bytes, and can be up to 64K by microprocessor 18 to send an Abort, 

bytes long (mmus address and control lengths) for the The Abort condition is an action that takes place in 

IDPC 10. response to the detection of an Abort character while 

The Frame Check Sequence (FCS) is a 16 bit word the DLC receiver 108 is In-frame. An Abort causes the 

that is produced by a CRC generator and diecked by a termination and discaidmg of the packet bemg re- 

CRC checker. Mathematically it is the ONEs comple- ceived. Aborts are asynchronous events m that they can 

ment of the sum [modulo 2] of the following: The re- ^ detected on bit boundaries as weH as byte bound- 

mamder of [Xi3+xW-|-Xi3-f. . . . -i-x^+X+l] aries. 

divided [modulo 2] by the generator polynominal 55 Zero Bit Insertion/Deletion, often referred to as Bit 

Xi^-hXii-hX5+ 1, where K is the number of bits m the Stuffing, is a technique used to provide data transpar- 

frame existing between, but not mcluding, the final bit ^ncy. By this is meant a method by which packet data 

of the Opening Flag and the first bit of the FCS, exclud- patterns are prevented from appearing as Flags, Aborts, 

ing bits Inserted for transparency. or Mark Idles when they appear m the received data 

-AND- ^ stream. Flags, Aborts, and the Mark Idle condition all 

consist of six or more contiguous ONE bits. The Bit 

The ^remainder after multiplication by X^^ and then StufTmg technique examines the contents of a packet to 

division [modulo 2] by the generator polynominal be transmitted by transmitter 102, on a bit by bit basis, 

X»6+X»2+X5 4- U of the content of the frame, between ^5 (from the first bit after the Opening Flag to the last bit 

but not mcluding the last bit of the Opening Flag and of the FCS) and inserts a ZERO in the bit stream after 

the first bit of the FCS, excludmg bits uiserted for trans- any pattern of five contiguous ONEs, thus insuring that 

parency. six or more ONEs do not appear hi the data stream. The 
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receiver IM, in turn, examines the data stream and which also receives via a signal line 118 signals gener- 

removes the inserted ZEROs that follow five contigu- ated by a cyclic redundancy code (CRC) generator 120 

ous ONE bits. The impUcation of this is that Flag. via an inverting amplifier 122. The CRC generator 120 

Abort, and Mark Idle generation and detection must receives the data signals on line 14 generated by shift 

take place on the network side of the zero insertion and ' register 110. The signals selected by 2:1 MUX U6 are 

deletion units. conducted to a Zero Bit Insertion unit 124 via a signal 

TheBOPsspedfymfaimumlengthsfcr validpackets. ^ ^6. The Zero Bit Insertion unit 124 generates shift 

TTus B usually four. five, or six bytes. Any frame that is clock signals conducted to shift register 110 and CRC 

received with fewer than this legal minimum number of lo generator 120 via a signal line 128. 

bytesinitspacketiscaUedaShortFrameandisconsid- ^ 2:1 multiplexer (MUX) 130 receives the signals 

ered an error whid. should be discarded generated by Zero Bit Insertion umt 124 via signal line 

On a theoretical basis a frame can be any lengti, ,33 ^ ^ ^ „ ^ ^ 

greaterthanthespecifiedmmimm. Asapractjcalmat- Generator 134 vU signal line 136. The signal selected by 

^ ™\SJ^^^ Sf^T'^Lf.^f 2:1 MUX 130 is coii^ucted to the Seriamrt 104 via a 
prevent PlPO 100 ano 106 boner overrun. This length -lao csm ti\A x • • i 
L J J J . « L J . « signal line 138. SBP 104 generates tuning signals con- 
is dynanuc, and can vary on a data call by data call . • i .- ^AiT. rr t^. A . " 
basis. Any received frame whose packet exceeds this J^^tedonasi^ 
ma«mum length is referred to as a Long Frame, and is 124and the Flag, Abort g^erator m 
considered an error. Hie detection of a Long Frame ^ J^^ dements of Aeti^mitter 100 and 102, 
error takes place as soon as the ma«mum legal number shown m block form m FIG. 4, will be described in 
of bytes has been exceeded, not when the entire frame conjunction with FIGS. 5-9. With 
has been received. reference to FIG. 5, the transmit FIFO 100 consists of 
If a Closing Flag is detected and a non-integer num- 25 ^ buffer 150, a Transmit Byte Count Register 152, 
ber of bytes has been received, (that is to say that the * Transmit Byte Counter 154, a DMA Data Request 
character preceding the Flag contained fewer than - feneration logic 156 and threshold comparison logic 
eight bits) a Non-Integer Number of Bytes Error condi- 

tion exists. The Transmit Byte Counter Register 152 is a read/- 
The bytes are transmitted in ascending numerical write register and is connected to the internal busses 58, 
orde^ inside a byte, the least significant bit (bit 0) is receives a LOAD signal generated by the 
transmitted first. However, the FCS is numbered and ^^^^ * ^^8^ ^® ^^2. It also receives a 
transmitted in reverse to this convention. SEND ABORT signal generated by Flag, Abort gener- 
As shown in FIG. 3, the transmitter portions 100 and 35 134 via a signal line 1^ The transmit Byte Counter 
102 of the DLC 52 reside between the ofT-chip memory ^54 also receives the LOAD and SEND ABORT sig- 
22 and the serial port 104 to the data communications ^ ^nd is connected to register 152 via a bus 166. 
network. The microprocessor 18, under software con- Counter 154 receives a COUNT signal generated by 
trol, builds a data block in memory 22 that contains the FIFO buffer 150 via signal line 168 and a SET TAG 
address, control, and information portions of a packet ^ signal generated by counter 154 is conducted to FIFO 
This block of data is moved, byte at a time, mto the buffer 150 via signal line 170. A Transmit Byte Counter 
transmit FIFO 100 via either DMA or programmed ^^^^ zero (TBC»0) signal generated by Counter 154 
I/O. The transmitter 102 sends the Opening Flag, trans^ ^ conducted to Data Request Generation Logic 156 via 
mits the block of data, generates and sends the FCS (if 45 170 and a threshold reached (THLD RCHD) signal 
selected), and transmits the Closing Flag. The polarity generated by the threshold comparison logic 158 is 
of the data stream can be inverted as it is being transmit- conducted to logic 156 via line 172. Logic 158 is con- 
ted, if desired. Between packets the transmitter 100 can nected to the FIGO buffer 150 via a signal line 174, and 
be programmed to output an all ONEs pattern (Mark is also connected to the internal busses 58, 60 and 62. 
Idle), or back to back Flags (Flag Idle). The transmis- The FIFO buffer 150 is 16 bytes deep and nine bits 
sion of a packet can be terminated by sending an Abort wide (8 data bits and one tab bit, the tag indicating "the 
sequence in response to the Send abort bit being set in l^t byte of a transmit packet"). Data is loaded into the 
the Command/Control Register (bit 0). **bottom" of the buffer termed a FIFO Data Register 
With reference to FIG. 4, a block diagram of the 55 160 programmed by the microprocessor 18, via I/O or 
transmitter sections 100 and 102 of the DLC 52, shows DMA. Data is moved therefrom up to the highest un- 
the 16-byte XMIT FIFO 100 mterconnecting the inter* filled FIFO 150 location at a clock rate supplied by the 
nal busses 58, 60 and 62 and a parallel-to*serial shift microprocessor 18. 

register 110. Status and control registers 112 within Data is unloaded from the buffer by the Parallel to 

transmitter 102 are connected to busses 58, 60 and 62. ^ Serial Shift Register 110. Both handling and unloading 

Control signals are conducted to and from the various operations are asynchronous to the microprocessor 

elements of the transmitter 102 and the status and con- clock. The buffer 150 is cleared on Reset or when an 

trol registers 112 on lines not shown in FIG, 4. Appen- Abort is transmitted. Associated with the buffer 150 is a 

dix A contains a full description of DLC status and ^5 Threshold Reached signal generated by the threshold 

control register. comparison logic 158. This signal is active whenever 

Data si^s generated by shift register 110 are con- the number of bytes in the buffer b at or below the 

ducted on Ime 114 to a 2:1 multiplexer (MUX) 116 threshold level stored m a FIFO Thrshold Register 
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within status and control registers 112. The Threshold The Data Request Generation Logic 156 generates 

Reached signal is conducted to the Data Request Oen- the Data Request (DRQl) signal. DRQl, when active, 

eration logic 156 as an indiction that the buffer 150 indicates to the DMA that the buffer 150 is avaOable for 

should be reloaded. The Threshold Reached signal b the loading of data. The DRQl signal is activated when 

reported in the FIFO Status Register, bit 2. A Data the TBC 154 is not ZERO -AND- the FIFO buffer 150 

Request One (DRQl) interrupt signal is generated by does not contain a tagged byte -AND- the level in the 

Data Request Generation Logic 156 when the level in buffer 150 is below the programmed threshold (bits 3-0 

the FIFO buffer 150 falls to the threshold level. DRQl of the FIFO Threshold Register). DRQl remains active 
is conducted to an external terminal of IDPC 10. 10 until the TBC=0 signal is generated -OR- the buffer 

A user accessible location of the FIFO buffer 150 is 150 becomes full. In this manner when the level in the 

termed the Data Register 160. The buffer 150 generates buffer 150 falls to the threshold and there is more data 

a status signal that reflects whether or not the Data in the packet to be loaded into the buffer, DRQl will go 

Register is empty (available). This signal, Buffer AvaO* active. DRQl will remain active until the buffer is 

able, is reported in bit 3 of the Transmit FIFO Status coompletelly fiiU or the last byte of the packet is loaded 

Register (App. A). The bit is set anytime the Data Reg- into the buffer. This insures that there can never be data 

ister is empty, and cleared when the Data Register is from more than one packet in the buffer at any one time 

written AND the buffer location directly above the since even if the TBCR 152 is written before the last 
Data Register is fulL This last stipulation on the clearmg 20 byte of the packet has been transmitted, DRQl will 

of the Buffer Available bit prevents the bit from clear- remain inactive until the tagged byte is removed from 

ing, only to be reset when the Data Register is emptied the buffer. DRQl is indirectly made inactive by Reset 

on the next clock cycle. smce the TBC 154 is cleared to ZERO on Reset DRQl 

If the Parallel To Serial Shift Register UO attempts to 25 will become active in this case as soon as the TBCR 152 

unload a byte from an empty buffer, an Underrun condi- is written (non-ZERO). 

tion exists. This causes an error to be reported via bit 4 With reference to FIG. 6, data is conducted from the 

of the Transmit FIFO Status Register. A maskable Transmit FIFO 100 to the eight bit shift register 110, 

interrupt is generated by the setting of this bit. In re- one bype at a time. Each byte is shifted out of the shift 

sponse to the Underrun, an Abort is generated else- register 110 seriaUy by recq)tion of the Shift Clock, 

where in the DLC 52. This causes the Transmit Byte which is provided by the Zero Bit Insertion Unit 124. 

Count Register 152 and the Transmit Byte Counter 154 The signals generated by shif% register is conducted to 

to be reset to ZERO as wdl as the FIFO buffer 150 to the CRC generator 120, and to the 2 to t multiplexor 

be cleared. 3^ 116. 

The Transmit Byte Count Register (TBCR) 152, The shift register 110 is responsible for generating the 

holds the length of the packet to be transmitted (exclu- load control signals that effect the movement of data 

sive of the Opening Flag, FCS, and Qosing Flag). This firom the FIFO buffer 150 hito the shift register 110. 

value is loaded into the TBCR 152 by microprocessor The first load is enabled automatically after an IDPC or 

18 software via the Internal Bus 58, 70 and 62, The ^ DLC Reset or fter the last byte of a frame (tagged as 

TBCR 152 is cleared when the DLC 52 is reset or when such) has left the shift register 110. The load will take 

an Abort is transmitted. When the DLC transmitter 102 place as soon as a byte of data reaches the top of the 

is Out of Frame the contents of the TBCR is loaded into FIFO buffer. Thereafter, the shift register 110 wQl at- 

the Transmit Byte Counter 154 at the same time it is 45 tempt to load itself every eight shift clock cycle by 

written into the TBCR. The contents of the TBCR is virtue of the divide-by-dg^t counter 110a which gener- 

also loaded into the Transmit Byte Counter when the ates a LOAD signal conducted to register 110, until the 

last byte of a packet (Ugged as such) is removed from last byte of the packet has been loaded, 

the FIFO buffer 150. (This also insures that the correct The counter llOc is held in Reset when the DLC is in 

value is loaded into the TBC if the TBCR is updated ^0 Reset, the transmitter is Idle, transmitting an Abort, a 

while the transmitter is In-frame). Loading of the Flag, or the FCS. When the first byte of a packet 

TBCR is delayed if the TBCR is being written at this reaches the top of the FIFO buffer 150 it is automati- 

time. cally loaded into the shift register 110. This action is the 

The Transmit Byte Counter CTBC) 154 is used to 55 indication to the Zero Bit Insertion Unit 124 to gate the 

count the number of bytes loaded into the buffer 150 for shift clock through to the shift register, and remove the 

a given packet. The TBC 154 is loaded from the Trans- Reset control from the divide by eight counter llOo, 

mit Byte Count Register and decremented once for Data is shifted out of the shift register 110 on the 

each byte loaded into the buffer. When the contents of falling edge of the Shift Clock. The Shift Clock is gen- 

TBC 154 reaches ZERO, the byte that caused the TBC ^ crated by the Zero Bit Insertion 124 and runs at approx- 

to reach ZERO is tagged as the last byte of the packet. imately the transmitter data rate; the Zero Bit Insertion 

This tag is created by setting the ninth bit position of Unit increases the length of the shift clock cycle that 

that byte to a ONE. Recall that the buffer 159 Is nine follows five consecutive ONE bits, by a fhll bit time, 

bits wide. The ninth bit position is used to hold this tag, ^ This allows for a ZERO to be inserted in the data 

which travels with the last data byte through the buffer. stream (the insertion takes place past the Serial to Paral- 

Thc tag is used to load the TBC from the TBCR, and lei Shift Register 110), With the exception of changing 

indicated the end of a packet to the DLC. the duty cycle of an occasional Shift Clock cycle, the 
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2ero insertion process has no effect on tlw operation of detected. In this way the counter 17< win only count up 

the shift register 110. The Shift clock is syndironous to to five when five consecutive ONEs are encountered, 

the transmitter clodt (XMITCLK). When the transmit- When the counter 176 reaches five, three actions are 

ter 102 is not shifting data out of the shift register (ie., taken: the data input to 2:1 MUX 130 is forced LOW for 

when the transmitter is either in Reset, Idle, sending a one cycle of the transmit clock by AND gate 182, the 

Flag, sending an Abort, or sending the FCS), the shift next Shift Qock cycle is lengthened by one cycle time 

clock IS blocked at the Zero Bit Insertion Unit by clock stretcher 178, and the counter 176 is reset. 

The shift register UO is cleared by a Reset or an (jsate that for purposes of description all action is 

. ^ , 10 shown related to the same clock edge, such as: the same 

Refemng agam to FIG. 4. the CRC generator 120 ^^^^ ^ that shifts the fifth ONE bit to the Zero Bit 

^uces a 16 bU word referred to as the Frame Check j^^er is shown clocking it into the counter-obvi- 

STI^ •Tf''^,Sf?^^^T^^ ^ ~'««'tons. These can be 

thu operation u de««bed heremaboye. Dwign and ^ j^,^^ ^j^^^ appropriate as 

construction ofthe CRC generator 120 « well known to »' k. v„ .v mm a- H^t. T 

thoseskilledintheartandwinnotbefimherdescribed ^I^hT^ / T 

jj^^ ing the data input to a LOW, a ZERO is inserted m the 

The signals generated by the Parallel to Serial Shift T^.'^Z^^ZtV^'^Z' 'w^'' ^ f ^^^f; 

RegisterllO and the CRC generator mare conducted fctcbng the Shift Clo^^^^^ 

to the Zero Bit Insertion Unit 124 via the 2 to 1 muW. ^^^^JT^^'**"^ ^1 ?^ 

plexor 116. During the data portion of a packet, the Generator) is held off for one bit time-mak- 

address, control and information fields wiU be referred rr^r\A^ ZERO. The counter 176 is 

to as the "data-, the multiplexor 116 passes data from ^ ^"^^ whenever the transmitter is sending Flags, 

the shift register 110. After the last bit of the data por- 25 ^^^^^ is Mark Idling. 

tionofthepackethasbcenshiftedoutoftheshiftregis. ^'^^^ stretcher 178 also receives an IN-FRAME 

ter no, the FCS is passed out of the CRC generator 120 ^^^^ * control, not shown, and the RESET sig- 

if the CRC generator is enabled. ^ ^^^^^ stretcher 178 generates the Shift Clock 

A 2:1 MUX 116 control signal causes 2:1 MUX 116 to ^^^^ ^ conditioned version of the transmitter clock, 
select the data path from the Parallel to Serial Shift conditioned by clock stretcher 178 in two 
Register 110, except when the FCS is actually being ^^y^- duty cycle can be modified, as just de- 
transmitted, scribed, to provide for ZERO bit insertion. Second, the 

To mflifitaifi data transparency the DLC transmitter clock b gated ON and OFF— selecting when data 
102 will examine the frame content between the Open- 35 to be shifted out of the ParaUel to Serial Shift Register 
ing and Closing Flag (mcluding the address, control, ™d the CRC Generator 120. The shift Clock is 
information, and FCS fields) and will cause the Zero Bit ON when the first byte of a new packet is loaded 
Insertion Unit 124 to insert a ZERO bit after all scquen- "*to the P&rallel to Serial Shift Register from the FIFO 
ces of five contiguous ONEs. This is done to ensure that buffer. (This load is automatic and generates a control 
the Flag and Abort sequences are not simulated in the ^ ^^8^ to the Zero Bit Insertion Unit The clock remains 
data stream. Additionally, the Zero Bit Insertion Unit ON untU the last bit of the FCS is sent as indicated by 
124 generates the Shift Clock, which is used by the the 2:1 MUX 116 control signal going high, or if CRC 
Parallel to Serial Shift Register 110, the CRC Genera- generation is not enabled (bit 5 of the DLC Command- 
tor 20, and a MUX control signal generator (not 45 /Control Register), until the last bit of data has sent (the 
shown). With reference to FIG. 7A, the Zero Bit Inscr- Point at which the data/FCS MUX control would have 
tion Unit 124 consists of a three bit counter 176 and S^^^ ^^w if CRC generation had been enabled. A con- 
related logic. trol line (not shown) which indicates the ON or OFF 

Three-bit counter 176 receives at a count enable input state of the Shift Clock is provided to the Parallel to 

the data stream on the signal line 126 generated by 2:1 ^ Serial Shift Register 110 for use by its load counter 

MUX 116. The transmit clock (XMTT CLOCK) signal HOa 

is conducted to counter 176 as well a to a clock The signal generated by AND gate 182 represent the 
stretcher circuit 178. The resulting counter signal is outut of the ZERO bit insertion unit 124 and is con- 
generated by counter 176 on a signal line 180 when 55 ducted to 2:1 MUX 130 that selects between the trans- 
conducts the signal to clock stretcher 178, to an input of mission of data or Flags/Aborts. The control signal for 
an AND gate 182 and to a complement input of an OR MUX 130 is generated by the Flag/ Abort generator 
gate 184. AND gate 182 also receives the data stream on 134. The control signal causes 2:1 MUX 130 to select 
signallinel26asdoesORgatel84atasecondcomple- packet data transmission generated by the Zero Bit 
ment input OR gate 184 generates a signal applied at a ^ Insertion Unit 124 from after the last bit of the Opening 
load-to-2ero input of counter 126. The AND gate 182 Flag until the first bit of the Closing Flag. The multi- 
generates a sig^ conducted on line 132 to 2:1 MUX plexer 130 selects the signals generated by Flag/Abort 

generator 134 whenever data transmission is not explic- 

The counter 176 is automatically cleared to ZERO 55 itly selected, 

when it is reset. As the data stream is received on Ime The Flag/Abort Insertion Unit 134 shown in FIG. 7B 

126, the counter 176 is incremented each time a ONE bit generates Flag and Abort characters inserted by 2:1 

is detected and reset (to ZERO) when a ZERO bit is MUX 130 mto the data stream. The unit consUts of a 
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shift register 1S6 which is loaded in parallel with either tion, data inversion, enabling the transmitter^ and Loop 

the Flag (01111110) or Abort (01111111) characters Back testing. FIG. 8 is a block diagram of the SBP 104. 

stored in registers 188 and 190, respectively, a divide by The signal selected by Multiplexer 130 is routed 

eight counter and the logic load shift register 192, and through a Time Slot Multiplexer (TSM) where it is 
the control logic 194 generating the control signal to ^ assigned one of thirty-one time slots, or transmitted as is 

the 2 to 1 Multiplexer 130. (referred to as the non-multiplexed mode). The SBP 104 

The shift register 186 is connected to registers 188 is designed to connect directly to the SBP of the DSC 

and 190 and can be loaded with either a Flag or an 12 (no. 1). Up to thirty-one time slots combine to form 
Abort character. The contents of register 186 are 10 a frame, where data is transmitted during one of the 

shifted out least-significant bit first by the falling edge of groups shown in FIG 9 

the transmit clock and serially comiected to one input of a transmit clock control 198 receives a Serial Frame 

^'l^^'^t.^f "^"'^.oi^^^^l*^'.. . Synch (SFS) signal and a Serial Clock (SCLK) signal 

Theshiftrcgistcrl86isloadedjustpnortothetrans- appUed to pins of the IDPC. 

mission of a Flag or an Abort by unit The Serial Frame Sync (SFS) signal (the 

transmitted back to back whenever the tomsiuitter is gFS/XMITCLK pin serves as either the SFS input in 

not sending either a packet (exclusive of Opemng and _t*ii j j *u*- -^ii- 

. tsTx ai.-1ai-^ f J multiplexed mode, or the transmit clock mput m non- 

Closmg Flags) or an Abort. Aborts arc transmitted ,^ , _j ^ v . . - • J- ^- .t. 

whenever t^Send Abort bit is set (bit 0 in the DLC T ^T2f "^T^ 

Command/Control register (App. A)). This bit is set o«>^on ofAe fim eight bitt^^^ 

and cleared by software. One Abort character is also mdttplexer 196 can be programmed by 

sent in response to a Transmit FIFO Undenun condi- ""croprocessor 18 (shown m FIG. 8 by the signal line 

ic^u9c w a inuunui ^l^^J waocjnm cpnai .^^^ ^^^^ SELECTION'*) to place data on any 

When an Abort is requested it is transmitted immedi- 25 ^« ^^^^ 1 to 5 of the SBP Control 
ately. If the Send Abort bit is cleared in the middle of ^ described in App. A hereinafter. In the 
thctransmissionof an Abort character, the transmission m^t^lexed mode a signal appUed on SCLK pin pro- 
of the Abort character will be completed before the '"^^ ^^^^^"^ s*'^^*' ™* source is 
transmission of Flag characters will commence. (Flags ^^^^ ^^^^^^ clock control 198 with the selected 
or Mark idle always follow an Abort. Since the Mark ^ ^ provide the transmit clock. If time slot 0 is 
Idle is inserted after the 2 to 1 Output Multiplexor, the selected, data is transmitted for as long as the SFS signal 
Flag/Abort Insertion Unit will always default to send- ^ ^c**^®» instead of for eight bits at a time. If the SFS 
mg Flags. If Mark Idle is Selected QAt 3 of the Com- "*P^^ held active for 16 bit times instead of 8 each 
mand/Control Register), the output of the DLC will be 35 the transmitter will end out 16 bits per frame, as 
forced to an all ONEs pattern, ignoring the Flags com- opposed to 8. By doing this the DSC 12 can place the 
ing from the Flag/Abort Insertion Unit.) ^^th of the two B channels (on an every-other- 

When continuous Flags or Aborts are being transmit- ^V^^ ^^sis) effectively doubling the data rate. If the 

ted, the shift register 186 is automatically reloaded after non-multiplexed mode (bits 1 to 5 set to ONEs in the 
the transmission of tfie first Flag/Abort This takes ^ SBP Control Register), data is transmitted continu- 

place every d^t bit times. A divide-by-dght counter ^^^V- ^ this mode transmit clock is input on the 

within block 192 is used to divide down the transmit SFS/XMITCLK pin. Data is always transmitted on the 

clock for Has purpose. falling edge of the transmit dock. 

The Flag/Abort Insertion Unit 134 contains a three- 45 After data has passed through the TSM 196 it is con- 
bit counter which contains a user-supplied value indi- ducted to a programmable inverter XOR gate 200. If bit 
eating the numer of residue bits in a packet. This value 0 0^ the SBP Control Register is set to 1, the data will be 
is transferred from a Residual Bit Control/Status Regis* inverted by virtue of an INVBR,T DATA signal cen- 
ter (App. A) when the last INFO byte of a packet just ducted to XOR gate.200 from Status/Control Registers 
prior to the FCS. The counter is decremented as each 112. 

Wt Is shifted out of register 186. When the contents of Whenever the transmitter 102 is enabled (bit 1 of the 

the counter reaches zero all residual bits have been DLC Coinmand/Control Register) and is out of frame 

transmitted and the FCS, if enabled, and closmg flag (and the Closing Rag or Abort has been sent) with 
can be transmitted. 55 Mark Idle selected (bit 3 of the DLC Command/Con- 

The Flag/Abort Insertion Unit 134 generates a con- trol Register), the transmitter's output will be forced 

trol signal to the 2:1 Miiltiplexer 130, indicating IflGH by an XOR gate 202 receiving the signal gener- 

whether packet data or Flags/Aborts are to be transmit* ated by the programmable data inverter 200 and a 

ted Hie control signal selects the Flag/Abort path MARK IDLE signal generated by Status/Control Reg- 
whenever the transmitter is not sending packet data. ^ ister block 112. 

Packet data is sent from the end of the Opening Flag The transmitter 102 is enabled and disabled via bit 1 

untQ the beginning of the Closing Flag. A request to in the DLC Command/Control Register (App. A), 

send an Abort (Send Abort bit or FIFO Undcrrun) Whenever the transmitter is disabled, the SBOUT pin is 
places the transmitter Out of Frame. ^5 three-stated by virtue of transistor 204 receiving the 

The Serial Bus Port (SBP) 104 receives the signal signal generated by programmable Mark Idle inserter 

selected by 2:1 MUX 130. The SBP performs several 202, upon application of a transmit enable (XMIT EN- 

functions related to a time slot assignment, clock selec- ABLE) signal. The signal conducted viai transistor 204 
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is generated at a Serial Bus Output (SBOUT) tcnnmal A recovered DATA INPUT CLOCK signal gcner- 

pin of the IDPC 10. ated by SB? 104 is conducted to a Bit Delete, Byte 

The DLC 52 can be placed in a Local Loop Back Count, Short Frame Error Unit 218 via a signal line 220, 

configuration for test purposes. This is done by setting ^ which also receives the data signals on line 216. Shift 

bit 3 to a 1 in the SB? Control Register. Local Loop register 212 also receives the recovered DATA INPUT 

Back disconnects the SBIN and SBOUT pins (SBOUT CLOCK signal on line 220. A cyclic redundancy code 

is three-stated) and connects the transmitter output and (CRC) Checker 222 receives the data signals on line 216 

receiver input together. The selected transmitter clock as well as a clock generated by Bit Delete, Byte Count, 

described earlier is used as the receive clock. 10 Short Frame Error Unit 218 via signal line 224. Shift 

The DLC 52 can be placed in a Remote Loop Back register 210 also receives the clock signal on line 224. 

configuration for test purposes. This is done by setting An address detection unit 226 is connected to registers 

bit 4 to a 1 of the SBP Control Register. Remote Loop 208 and 210. 

Back disables the transmitter, and echoes whatever is The major elements of the receiver 106 and 108, 

received at the SBIN pin out the SBOUT pin. Refer- shown in block form in FIG. 10, will be described in 

ence should be had to App. A for a complete descrip- greater detafl in conjunction with FIGS. 11-18. With 

tion of these aspects of the IDPC 10. reference to FIG. 11, the hardware blocks of the re- 

Assodated with the DLC 52 transmitter 102 are ceiver 108 will be discussed in the order that data flows 

shown several user visible status and control registers. 20 through the unit, from the receiver portion Serial Bus 

These registers, contained in functional block 112 arc Port 104 to the RECV FIFO 106 (refer to FIG. 10). 

described In detail in Appendix A, are used to configure The receiver 102 must support data rates from DC to 

the DLC transmitter 102, instigate specific actions, 2.048 MHz. For this reason care has been taken m the 

report status, and generate interrupts. All of these regis- design of the receiver to minimize the effects of real 

ters can be accessed by the local microprocessor 18. time events on the software that processes the received 

None of them can be accessed by a host processor. data packets. The DLC 52 of the instant invention has 

Although not shown on FIG. 4, various control and been designed to receive an entire packet and move it to 

status signal lines mterconnect the DLC transmitter 102 off chip memory 22 without the intervention of the 

elements shown there with the Status and Control Reg- 30 microprocessor 18, if direct memory access (DMA) is 

ister block 112. As these signal lines are conventional, used. Packet status information is reported on a packet- 

and their ability to control the elements to which they by-packet basis at the time that the packet has been 

are connected is well understood by these skilled in the completely moved to memory 22. A description of this 

art. Accordingly, the design and construction of block 35 delayed status reporting mechanism is given hereinafter 

112, nor of the other shnilar control and status blocks m connection with FIG. 27. 

employed by the EDPC 10, will be elaborated herein. The receiver portion of Serial Bus Port (SBP) 104 
Referring again to FIG. 3, the receive portions 106 and receives serial data from the SBIN pm of the IDPC 10 
108 of the DLC 52 takes serial data from the Serial Bus and generates signals therefrom to the Flag/ Abort De- 
Port (SBP) 104, processes it, and allows it to be moved ^ tection Unit 214 and the Zero Bit Delection Unit 218. 
to off-chip memory 22. Dedicted hardware modules are The receive-side of SBP performs three operations on 
used to perform the bit level operations on each firame the data: Mark Idle detection, programmable data in- 
of data as it is received (Mark Idle detectfon, data mver- version, and time slot demultiplexing. FIG. 11 is a block 
sion, Flag/Abort recognition, Zero Bit Deletion, CRC 45 diagram of the receive side portion of SBP 104. Data is 
checking, and address recognition). The 16.Bit deep clocked into the receive side SBP by the rising edge of 
receive FIFO 106 is used as a buffer between this bit- a serial clock (SCLK) signal applied at a terminal pin of 
rate-dependent processing and packet-at-a-time pro- IDPC 10. This signal is conducted to a clock input 
cessing performed by the microprocessor 18. Date can terminal (CLK) of a Mark Idle detector 230 and to a 
be moved from the receive 106 FIFO to memory 22 50 clock input terminal of a time slot demultiplexer (TSD) 
cither by DMA, or by microprocessor 18 control. 232. A transistor 234 interconnects the SBIN terminal 

With reference to FIG. 10, a block diagram of the and a signal Ime 236 connected to a count enable (CNT 

receiver sections 106 and 108 of the DLC 52, shows the ENABLE) input terminal of Mark Idle Detector 230. 

16-byte RECV FIFO 106 interconnecting the internal 55 Transistor 234 receives a RECEIVER ENABLE signal . 

busses 58, 60 and 62 and three shift registers 208, 209 which causes the data signals applied at the SBIN termi- 

and 210. Status and control registers 212 within DLC nal to be conducted on signal line 236. The RE- 

receiver 108 are connected to busses 58, 60 and 62. CEIVER ENABLE signal is generated by status and 

Status and Control signals are conducted to and from control register 212 as described in App. A. 

the various elements of the receiver 108 and the status ^ Mark Idle detector 230 also receives at a comple- 

and control registers 212 on lines not shown in FIG. 10. mented input an IN-FRAME signal, and at a compl- 

The Serial Bus Port 104 receives data signals from a mented input the data signals conducted on line 236. 

Serial Bus Input (SBIN) termmal which arc conducted The Mark Idle detector examines the data stream 

to a shift register 212. A Flag Detect, Abort Detect Unit 55 received via line 236 for the presence of 15 or more 

214 is connected to shift register 212. The shift register contiguous ONE bits, whenever the receiver 108 is out 

212 is connected via a signal line 216 to the shift register of frame. The detection of Mark Idle must take place 

210 for transference of date signals. after the receiver is out of frame since a valid date pat- 
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tern of IS or more ZEROs, while In-fhne on an in- the clock used, either SFS or SCLK, is generated at a 
verted data link (inverted to all ONEs), will simulate RECEIVE CLOCK output terminaL 
the Mark Idle condition. The Mark Idle detection uiiit With reference to FIG. 13, the Flag/Abort Detection 
230 consists of a counter that is enabled by the In-frame unit 214 includes an eight-bit shift register 240 con- 
signal being inactive; counts each ONE bit as it arrives; ■ nected to the DaU Output Tcnninal of TSD 232. The 
is reset by each ZERO bit that arrives; generates a Mark serial receive data is shifted on the rising edge of SCLK 
Idle indication sigaal when it counts 13 ONEs and received by register 240. The contents of the shift regis- 
maintains that indication untU a ZERO is received; b ter 240 are tested by comparators 242 and 244, respec- 
cleared by a hardware or software Reset; and is cleared w tively. for the presence of eithr a Hag or an Abort 
and disabled wh«> ^ reodVer 108 goes In-fhime upon character. Testing takes place every time a bit is shifted 
reception of the In-f«me signal. into the shift register. In the case of Abort detection. 

The detection of a Mark Idle condition sets bit 0 m a only the first seven bits are tested. Comparators 242 and 

Receive Link Status Register (App. A). If enabled, an 244 generate a signal on Unes 34« and 24«, respectively, 

mto™pt|sgen«ated m response to a negative-^ 15 ^^^^^^ ^^^^ Lrsalr. 

tivetnasitionoftibnbit . . respectively. Rag/Abort Detection Unit 214 also in- 

A Programouble Data Inverter compnsmg XOR , *, . j ^ » 

gate 238 r^^he data signals via signd line 236 and ^^<^^^^V^^^ 242 and 244 connected to shift reg- 

an INVERT DATA signal; the reception of which ^ ^ 1. 

causes inversion of the received data on a bit-by-bit .J^f^^^^^^ ^^!''^?" V"^ 

basis. INVERT DATA is also generated by status and ^^'^^^f^^?^IT'^^^^^^ '^"^'^^ 

Control Register 212 as described in App. A. Setting bit °f ^^^f^ 

0 in a SBP Control Register (App. A) causes this inver- ^^J?*^^ IN-Frame signal is generated 

gjon^ 25 ^^^^ ^ character is present in the shift register 

TimeslotDemultiplexer232receivesthesignalgener- 240, eight bit times elapse, and neither a Flag nor an 

ated at the output of XOR gate 238 and a Serial Frame ^^^^ character is then present in the shift register 240. 

Synchronizer (SFS) signal. The Thne Slot Demulti- contents of shift register 240 are conducted on 

plcxcr (TSD) 232 an operate in one of two modes: mul- ^16 to the Zero-Bit Deletion Unit 218. A divide-by- 

tilexed or non-multiplexed. Reference should now be ^^ht counter 250 is used to generate a byte boundary 

hadtoFIG. 12, a timing diagram of the TSD 31 When *^8nal. The counter 250 receives the SCLK signal 

in the multiplexed mode (selected by bits 1 through 5 of which it divides by eight, to produce the BYTE 

the SBP Control Register (APP. A) the kcoming data BOXJNDARY signal. The counter 250 is reset by the 

is valid during one of up to 31 eight-bit long time slots 35 >^eceipt of a Flag detection signal conducted on line 246. 

of a 24 bit long frame. The Status/Control Register ^ ^«et, the shift register 240 is set to all ZEROs in 

block 212 generates a signal denoted "CHANNEL ^ ^void fidse Flag or Abort detection. 

SELECT' received by TSD 232 based on bits 1 to 5 of ^ O'^®' ^ prevent valid data patterns from being 

the SBP Control Register as described in App. A. The detected as either Flags or Aborts, a technique called 

Serial Frame Sync/Transmit Clock (SFS/XMITCLK) ^ Stuffing is used. The transmitter examines the data 

pin of the IDPC 10 receives the frame sync pulse (SFS) stream between the Opening and Closing Flags (exclu- 

which is active for the first eight bit times of the frame sive)^ If five consecutive ONE bits are detected, a 

and this defmes the frame boundaries. The active tune ZERO is inserted after the fifth ONE. The Zero Bit 

slot is selected by bits 1 to 5 of the SBP Control Regis- 43 Deletion Unit hi the receiver removes this added 

ter. Time slot 0 is treated as a special case in which data ZERO. FIG. 14 shows a block diagram of the Zero Bit 

can be received more than eight bits at a time. When Deletion Unit. 

time slot 0 is selected data is received for as long as SFS Wth reference to FIG. 14, the Zero Bit Deletion 

is active. This allows, for example, 16 bits of data to be Unit 252 of Zero Bit Deletion Byte Count and Short 

received each frame. If the DSC 12 were using both B Frame Error Unit 218 is shown. The data received from . 

channels to receive data belonging to the same packet the shift regbter 240 is conducted via signal line 216 to 

(thus doublmg the data rate), it would send the data to Zero Bit Deletion Unit 252. A three-bit counter 254 

the IDPC over both channels 0 and 1 of its SBP. With receives the data on line 216 as well as the RECEIVE 

the SFS pulse lengthened to 16 bit times, the IDPC 10 53 CLOCK generated by SBP 104. Signal Line 216 is 

would receive all 16 bits (on its channel 0) as part of the connected to a count enable (CNT ENAB) input termi- 

same packet nal of Counter 254 as well as to a complemented clear 

In the non-multiplexed mode, data is received by the (CLR) input terminal thereof. A COUNT NOT 

TSD 232 as a contmuous stream, clocked by SCLK. EQUAL TO 5 (CNT=5 signal is generated at an out- 

Non-multiplexed operation is selected by settmg bit 1 to ^ put of counter 254 which is conducted to an AND gate 

5 of the SBP Control Register ^cfer to App. A.) In this 256 as well as to a complemented clear (CLR) input of 

mode, the SFS/XMITCLK input is not used by the the counter. AND gate 256 also receives the RE- 

receiver 108 (it is used as the transmit clock mput by the CEIVE CLOCK signal and at a complement input the 

transmitter, thus giving separate receive and transmit 55 RESET signal. 

clocks). Counter 254 generates the CNT=5 signal at the pres- 

The selected data signals generated by TSD 232 are ence of five consecutive ONEs in the data received on 

generated at a DATA output temimal of TSD 232 and . line 216. If this event occurs, the next bit is deleted from 
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the data stream (nonnally ZERO). The deletton is per- tug the last byte of the FCS if the FCS is present in the 

formed by stretching the Receive Clock one clock packet). 

cycle in a Receive Shift Qock signal generated by Load control 268 receives the RECV CHAR 

AND gate 256. Tht Receive Shift Clock b received by CLOCK signal generated by SBP 104 and generates 
divide-by-eight counter 258 which also receives the. load signals on liness 274 and 276 conducted to shift 

Flag signal on line 24« and generates a Receive Catarac- registers 208, 290 and 210. and RECV FIFO buffer 106. 

ter Qook (synchronized to Flag character receipt). The respectively. Load Control 268 also generates a residual 

Receive Shift Clock and the Receive Character Qock bit count signal which is received by a Resideual Bit 
signals are conducted to the Serial to Parallel Shift lo ControVStatus Register (App. A). The movement of 

Register210,aReceiveBytecounterportionofunit218 ^gta from the shift registers 308, 209 and 2W to the 

<^J}>^C^C<^^^^<'\^'^y^S^J^^l^- ^ RECV FIFO buffer 106 U enabled by the ristog edge of 

o '^^^^ • ^'tx °i;!.o ^ Character Oock signal generated by divid- 

Counter 260 (SFBQ portion of Umt 218 includes a ed-by-eight counter 258 of the Zero Bit Deletion Unit 

LTr^^'^SS^'.^^.I^T^f fif'f"^'^^^ »2. Assuming that the packet's address matched, or 

REOEIVE SHIFT CUXX. signal t^t corns the ^ ^ ^^^^^^^ 

number of characters that have reached the Serial to i j * i _ i *u _x ^ _. r ^ 

n 1 CI. .o. T> • T3 J . takes place on the next synchronized edge of the 

Parallel Shift Register 210. Four-bit down counter 262 , . . . ^ ^ ^ 

, . , , • * -14:- * • XM' ' T% 1 X clock received from microprocessor 18. If the top byte 

also includes a register 264 storing a Minimum Packet nnr^xr rmr^ u rr ^ix^ • . i. . 

SizevaluerecdveronintenialbusL58,60and62.The of the RECV ITFO buffer 106 « not ^pty 

contents of register 264 is conducted to down counter ^ ^^'^ ^^^f ' f''^ 'T^t 

262 where it is appHed to a load terminal thereof. The "^""^ successive microprocessor 18 clock cycle. If 

counter 262 generates a CJOUNT NOT EQUAL TO ^"^^^ *° *® ^^"^^^ 

ZERO (CNT=0) signal conducted to an AND gate 25 RECEIVE SHIFT CLOCK, an Overrun error 

266. AND gate 266 also receives a RECEIVE BYTE ^f"f^ 

COUNT GREATER THAN ZERO (RECV BYTE When a Packet terminates with a Flag, an Abort, or 

CNT=0) signal generated by receive 16-byte FIFO 106 * ^y^« of the packet is 

and an IN-FRAME signal. If a frame ends in a Flag, "^o^^^ ^o the RECV FIFO 106 directly. At the time 

AND the number of bytes received is less than the value closing Flag, for example, is detected, there are 

programmed in the Minimum Packet Size Register, ^^^^ in the shift registers 209 and 210 

AND data has been placed in the FIFO (Receive Byte ^ residual bits (1 to 8), if any, are located in shift 

Counter 0), a Short Frame Error signal is generated by register 208, left-justified. At the time the closing Hag is 
AND gate 266. 3S detected, the FCS is located in the first 16 bits of the 

The CRC Checker 222 b virtually identical to the registers 209 and 210. The residual bits (1 to 8) are 

CRC Generator 120 in the transmitter and accordingly located in the last eight bits of the shift register 208 Oeft 

will not be further described. justified). When the closing flag is detected, the follow- 

FIG. 16 shows the interconnection of the Serial To "^S actions take place: 
Parallel Shift Registers 208, 209 and 210, the RECV ^ Th« residual bit count is saved in the Residual Bit 

FIFO 106, and the Address Detection Unit 226. The Control/Status Register; 

data stream, as modified by the Zero Bit Deletion Unit data hi the last eight bits of the shift register 208 

252, is conducted to a 24-bit shift register comprising ^ then shifted until the residual bit counter reaches 
the 8-bit registers 208, 209 and 210 which converts the 45 

serial data stream into 8-bit bytes. The 16-bit contents of If the FCS is not to be placed into the RECV FIFO 

the shift registers 209 and 210 are presented in parallel the contents of the last eight bits of the shift register 

to the Address Detection Unit 226 for comparison. For 208 are loaded into the FIFO via path 273 and tagged as 

one byte addresses, only the first eight bits of the shift the last byte in the packet; and 
regbter (register 210) are compared. The contents of ^ If the FCS is to be placed in the RECJV.FIFO 106, the 

the shift registers are conducted in parallel to the Re* last eight bits of the shift register are loaded into the 

ccive FIFO 106 a byte at a tune. A LOAD CONTROL FIFO via path 273, the two bytes of the FCS are moved 

portion 268 of Serial to Parallel Shift Register 208, 209 into the FIFO via paths 270 and 272, and the last byte of 
and 210 generates the LOAD control signal that writes 35 the FCS is tagged. 

the data into the FIFO buffer 106. Any packet that terminates with a Flag or an Abort 

Serial data is received on line 216 clocked into the before any data has been loaded into the FIFO, the 

shift registers 208, 209 and 210 on the rlsmg edge of the contents of the Byte Counter are ZERO» as will be 

Receive Shift Clock. The Receive shift clock is active described hereinafter, and m this case no data is allowed 
only when data is to be shifted into the shift register. * to be placed into the RECV FIFO 106. The contents of 

The shift registers 208, 209 and 210 have three output the shift registers 208, 209 and 210 is simply ignored— it 

paths to the RECpV FIFO 106. The first output path 270 will be cleared out by the first 1 6 bits of the next packet, 

moves the least significant byte (the one received first) The Address Detection Unit 226 is used to identify 
to the RECV FIFO. All but the last bytes in a packet ^5 packets that are addressed to the receiver 108. Depend- 

move over this path into the RECV FIFO. A second ing on programmmg via Status/Control Registers 212, 

output path 272 and a third output path 273 are used to the first one or two bytes of each recdved packet is 
move the last bytes ofthe packet mto the FIFO (includ- compared against up to five Address Registers (four 
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user prognunmable and one broadcast). If the incoming Shift Registers 208 and 210 and unloaded at the bottom 
packet's address field matches one of the Address Reg- via the Data Register 298 by the microprocessor 18 or 
isters, if enabled, the packet is received. If no match DMA. (Refer to description of data movement given in 
occurs the packet is discarded and the receiver reenters connection with FIG. 16). Dau is shifted down the 
a looking for a Flag state. The states which the receiver ' buffer at the ckick rate supplied by the microprocessor 
can assume are described hereinafter in connection with 

The presence of data in the Data Register 298 is indi- 
The Address Detection Unit 226 is iUustrated in FIG. cated by the setting of the Data Available bit (bit 1) in 
17 and includes five comparison units 278, 280, 282, 284 ,o pipo Status Regbter (App. A) portion of Status and 
and 286. The first four comparison units 278-284 in- control registers 212. This bit is cleared when the Data 
elude a programmable 16.bit address register and a 29B becomes empty and the location in FIFO 

mo-byte comparator. The last comparison unit 286 y^^^, 290 directly above the Data Register 298 b 
(broadcast) consists of register containing all ONEs and empty 

fv*''^?^^S^^'^?^'^"*^"'j?f''" " When the receiver 108 terminates the receipt of a 
U.C RECV OTAR CLK and B connected to an ,b«,rmaUy), and data from that 

Address Control Register withm element 212. Associ- , * 0 « i li _j • • cn?/^ i. .^nA 

ated with each comparison unit is an enable bit that Pacl^ct has 

turns that particular recognition unit on or off. These **^f ^ If S^^SIT^"^- ^^"^ 

bits reside b the Address Control Register (App. A). If '^^^f^' ^^^^ ^f^' 290 location contams 

all five enable bits are cleared (disabled) the receiver * ? ^f^f^^^^ J^^ P^^'^^^ °f " 

108 wiU accept all packets. Bit 5 of the Address Control ^^^f^ ^ ^"^^ ^ 
register selects whether the address is one or two bytes scnbcd teinafter. active. ^ ^ ^ 

long. If on(^byte addressing is selected, cither the least 25 Associated with the receive FH^O buffer 290 is the 
significanteightbitsofthesixteenbitAddressRegisters ^^^^^ generates a 

or the most-significant eight-bits, as selected by bit 7 of ^^shold Reached signal The Date Request Control 
the Address Control Register, are used in the compari. ^^S^^ ^96 receives a sigmd from the FIFO buffer 290 
son. Abo. bit 6 of the Address Control Register causes ^ indicating the number of bytes stored in the buffer. This 
the second bit (bit 1) of the first byte of all addresses to ^ ^^^^ whenever the number of bytes of data in 

be ignored. This is required since some BOPs use this bit ^^^^ ^ ^ greater than the threshold level 
position to indicate whether the packet is a command or programmably stored in a HFO Threshold Register 
a response (C/R). When this ignore C/R bit cMtrol bit (ApP- A). When Threshold Reached is active, bit 0 in a 
isset,bitlofthe first byteofaUaddresses is considered 35 Receive FIFO Status Register b set to t. A maskable 
a don't care. Refer to App. A for a complete description interrupt b generated when the Threshold Reached bit 
of the Address Control Regbter. transitions from ZERO to ONE. The Threshold 

Address comparison takes place when the Serial to Reached signal b also used in the generation of Date 
Parallel Shifl Regbters 209 and 210 have received 16 Request to the DMA. 

bits following the Opening Flag. The identity of the ""^ I^t^e "top" location in the receive FIFO buffer 290 b 
particular comparator that makes the match with the ^ the Serial To Parallel Shift Regbter load 
incoming address b reported in bits 0-2 of the Interrupt control 292 generates a load signal for a new byte of 
Source Regbter described in App. A. Thb stetus b ^ Overrun condition occurs. Thb error is de- 

reported when the last byte of the packet b read from 45 scribed in detail hereinafter. 

the RECV FIFO 106. Date Request Control logic 296 of the FIFO 190 

With reference to FIG. 18, the Receive FIFO 106 generates a Date Request signal that controls the opera- 
interconnects the Serial to Parallel Shift Regbters 208, ^on of the DMA (when used). Date Request signal 
209 and 210 and the Internal Busses 58, 60 and 62 and active mforms the DMA that it should empty the 

consists of a RECV Fn^O buffer 290, a Receive Byte FIFO buffer 290. Date Request signal goes active when 
Counter 292, and a 4-stege Receive Byte Counter 294 the Threshold Reached signal becomes active, OR, a 
and Data Request control logic 296. byte tegged as the end of a packet b present in the FIFO 

The Receive Byte Counter 292 b a read/write regis- buffer 290. Data Request remains active until the buffer 
ter and is connected to the internal busses 58, 60 and 62 55 290 becomes empty, OR, the tegged byte has been re- 
and receives a LOAD signal generated by the shift moved. 

regbter load control 268. A 16-bit Receive Byte Counter 292 is provided in the 

The 4*stege Receive Byte Counter 294 b a read-only receive FIFO 106 to maintain a count of the number of 
register and b connected to the internal busses 58, 60 bytes that have been placed hi the FIFO buffer 290 &om 
and 62 and receives an END-OF-FRAME TAG signal ^ the packet that b currently being received. When the 
from a date register portion 298 of FIFO buffer 290. last byte of the packet (tegged as such) b removed from 
The END-OF-FRAME TAG signal b used by the the FIFO buffer 290 the contents of the Receive Byte 
4-stege delayed stetus reporting mechanism employed counter 292 b conducted to a Receive Byte Count Reg- 
by Receive Byte Counter 294 as wili be explamed here- 55 bter 294. Thb b a four stage regbter that delays the 
inbelow in connection with FIG. 27. reporting of the byte count until the tegged byte b read 

The receive FIFO buffer 290 b a 32-byte deep buffer from the FIFO 290— thb delayed reporting operation b 
that b loaded at the ''top** from the Serial to Parallel described m detail hereinafter. The Receive Byte 
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Counter 292 b cleared when its contents are loaded into Bus Port (SBP) 104 where it is optionally inverted, and 

the Receive Byte Count Register 294. transmitted to the data communications network. The 

The Receive Byte Count Register 294 reports the transmitter leaves state 2 when the last byte of the 

length of the receive packet to software. This read only packet up to the first FCS byte has been shifted out of 

register is connected to the Internal Busses 58, 60 and ^ the Parallel to Serial Shift Register 110. 

«2. A descr^tion of the delayed-reporting four stage if CRC generation has been selected (bit 5 of the 

register is given hereinafter in connection with FIG. 27. dLC Command/Control Register) the transmitter will 

Associated with the DLC 52 receiver 108 are several state 3 (306). If CRC generation is disabled, state 

user visftle registers. These registers, which are de- lo 4 (308) is entered directly from state 2. In state 3 the 

scribed in detail hereinafter are used to configure the inverted contents of the CRC generator 120 is fed to the 

receiver, mstigate spedfic actions, report stttus. and Zero Bit Insertion Unit 124 following the original 

gen^ate interrupts AU of these registers can be ac- completed) data stream. The inversion of 

ceased by the locd Processors; none of ^eni can be ^RC generator 120 output is required by the CRC 

"TT^ I ^..^ processor Appends A 13 ^ p ^ 

°H f 'T'K ''^^ °f generator) have been transmitted the 

Bnefly, normal operation of the transmit-side IDPC ,r i -^ « * « * u * • xi. x . 

10wmbedescribcd^rcfcrcncctoFIG.19,atransmit. ^"^7"^ ^ ^'^^.^^^ 

side state diagram. FoUowing hardware Reset of the J^^.^^) State 4 (30(0 is entered T^^ 

IDPC 10, or when the IDPC 10 is reset by the micro- ^ Semmdication can generate a maskable mtemipt^ 

processor 18 (bit 6 of the DLC Command/Control . WhUe m state 4 one Flag character (the Closing Flag) 

Regbtcr within block 112), the transmitter 102 of the ^. TT'^''' 

DLC 52 is disabled, and is in state Oa--sending Mark ^^^^^ J* (J^) ^ (^^0) ^ (^02 when the trans- 

Idle-denoted element 300 in FIG. 19. 25 ^^on of the Flag completes. If data is present in the 

The microprocessor 18 initializes the DLC transmit- ^^^^ FIFO 100 (a new packet), state 1 is entered. If 

ter 102 by setting bits within transmitter status/control V^cscat in the FIFO, state 0 is entered. The 

registers 112, described in App. A, by selecting data selection of the Flag Idle or Mark Idle intef-frame fill 

inversion or non-inversion (bit 0 of the Serial Bus Port ,^ ^ Command/Control Register) selects 

(SBP) Control Register, selecting the SBP channel con- between state Oa and Ob. 

figuratkm (bits M in the SBP Control Register), select- '^^^ exceptions to the normal flow of 

mg whether CRC generation is to be used, and selecting **vents described above: Abort, Local Loop Back, Re- 

either Flag or Mark Idle (bit 3 of the DLC Command- ^^^^ Loop Back, transmitter disabled while In-frame. 

/Control Register, the default is Mark Idle). 35 ^ Undcrrun. Of these only FIFO Underrun is 

The Transmit Byte Count Register 152 (App. A) is condition, 

used to specify the length of the packet to be transmit- terminate the transmission of a packet 

ted. excluding FCS bytes, and is only programmed requesting that an Abort be sent (bit 0 of the DLC 

when the packet length to be transmitted is different Command/Control Register). When a Send Abort re- 

from the previous packet transmitted. Bytes are counted ^ <f^^ received the transmitter enters state 5 (312) 

m the transmit byte counter 154 m the transmit FIFO where the transmitter 102 will begin transmitting Abort 

100 as they are placed into the transmit FIFO buffer characters (01111111 with 1 being the LSB). This action 

150. When the count equals the value programmed into takes place on the next bit boundary after the Send 

the Transmit Byte Count register 152, that byte is 45 Abort bit is set by software; the transmit FIFO 100 will 

tagged as the last non-FCS byte in the packet Data ^ cleared. Abort characters wiU continue to be sent 

inversion/non-inversion and SBP channel configura- until this bit is cleared. The transmitter will go out of 

tion do not afifect the operational sequence of tihe trans- frame when transmission of Uie Abort begins. When the 

mitter. The Flag IdleAlark Idle selection does affect Send Abort bit is cleared the transmitter will enter state 

the operational sequence and is described below. Ob if Flag idle is selected or data is present at the top of 

After the DLC transmitter 102 is Reset (bit 6 of the the FIFO (a new packet); state Oa is entered otherwise. 

DLC Command/Control Register, or hardware Reset), In all cases at least one Abort character will be transmit- 

the transmitter goes to state Oa 300. The transmitter will ted, even if the Send Abort bit is set and cleared by 

remain in state 0 until data has been placed in the trans- 55 consecutive CPU instructions. (The Abort is used to tell 

mit FIFO 100, and the tixst byte of that data reaches the the receiver on the other end of the link that the packet 

top of the FIFO. At that time the transmitter will go to currentiy bemg received is to be terminated and dis- 

state 1 (element 302). carded.) While sending an Abort has no meaning when 

With the transition of state 1 (302) the transmitter 102 the transmitter is out of frame (not sending a packet), 

is said to be **In-frame". In state 1 the transmitter 102 ^ the request will be honored. It will have no meaning at 

sends the Opening Flag. When this Flag has been sent the receive end if the receiver is out of frame, 

state 2 (304) is entered. For test purposes the DLC can be placed in a Local 

While in state 2, data is unloaded from the transmit Loop Back mode of operation (bit 3 of the SBP Control 

FIFO 150 into the eight bit Parallel to Serial Shift Reg- 55 Register (App. A). In this mode the DLC transmitter 

ister 110. Serial data is clocked out of the shift register, 102 b disabled at the same point that the Transmit En- 

tiirough the 2 to 1 multiplexer IK, and into the Zero Bit able bit (bit 1 of the Command/Control Register is 

Insertion Unit 124. The data is tiien fed hito tiie Serial implemented. The DLC receiver 108 is also disabled to 
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prevent incoming data from interfering Mnth the Loop inversion/non-inversion (bit 0 of the SBP Control Reg- 
Back. The transmitter is then connected to the receiver ister (App. A))» specifying SBP channel configiiration 
and the transmit clock is used as the timing reference for (bits 1 and 2, of the SBP Control Register), enabling 
both the transmitter and the receiver. Packets can then CRC check if desired (bit 4 in the DLC Command- 
be transmitted normally with the exception that nothing /Control Register (App. A)), selecting the desired ad- 
leaves the part. The receiver receives the packet just as dress mode (Address Control Register (App. A)), load- 
if it were originating from outside the IDPC 10. See ing the address(es) to be recognized (Address Regis- 
APP. A for loop-back operation. tcr(s)), specifying the minimum packet size Minimum 
Remote Loop Back, selected by setting bit 4 of the iq packet Size Register 264 (App. A)), specifying the max- 
SBP Control Register, causes any activity on the SBIN packet size (Maximum Packet Size Register 
mput to the Receiver 108 to be echoed on the SBOUT a)), and finally enabling the receiver 108 (bit 2 in 
output pm. nie DLC transmitter 102 is discomiected j^^^ Command/Control Register. 

from the SBOUT pin via transistor 204. When the SBP ^ ^«5„«^ ma n 

^. . f*.. , J t ^ , « . , i< Tn^ ULC receiver 108 starts operation in state 0 
IS opcratmg m multiplexed channel mode each received " /^^^ t« «*a**ft*i»-r-i^««-r**««j«JL 
V * / j'J^ J i_ oT^ci ^xr%^T<^^T • ^ J (3ioj. in State Otnc receiver exammes the mcommg data 

bit (conditioned by SFS/XMITCLK) is transmitted on ♦v cb™ • *u • • j 

^-„. f 1 1 1 J. stream (clocked m from the SBIN pm on the nsmg edge 

the next Mmg edge of the receive clock i.e., data re- ^^cr^j V re^^r rr ^\ u u-. • r .i. 
ceived at the SBIN pin on the rising edge of SCLK fa of SCLK (SCLK pm] on a bit by bit basis for the pres- 
clockedoutofthe SBOUT pin by the subsequentfMing ^ ^^e^of a Bag cha^^^^^ 

edge of SCLK. When the SBP 104 is operating in th^ ^ HagMbort detection unit 214 m state 0. The detection 
non-multiplexed mode, data bits received via SBIN ^« "f^^,^ transition to a state 1 (318). 

(clocked in by the positive going edge of the receiver , ^ ^ » inspected on a character 

clock [SCLK]) is clocked ou on a bit by bit basb using character basis for the presence of a non-Flag, non- 
the negative edge of the same clock (SCLK). The DLC 23 ^bort character (character boundaries are established 
receiver 108 can still receive dau while in this state. ^^P^ ^ character following the 

If an attempt is made to use the DLC transmitter 102 ^ another Flag, the receiver remains in state 1. If 

while in Remote Loop Back mode, the transmitter will character is an Abort, the receiver reenters state 0. 

function normaUy, but no data wfll leave the IDPC 10. ^ character b not a Flag or an abort, the receiver is 

DLC Transmitter 102 is disabled while In-Frame. said to be In-frame, and a state 2 (320) is entered. 
The transmitter will continue to process the frame nor- ^^^^ ^ ^ passed beyond the Flag/Abort de- 

mally, and will disable the SBOUT pin as soon as the 214 to the Zero Bit Deletion Unit 218. Here, the 

Qosing Flag has been sent. Once the Closing Flag is ^^^^ following any five contiguous ONEs is deleted 
transmitted, the transmitter returns the transmitter to 35 (tto bit should always be a ZERO, and was inserted by 
state 0 and disconnects the SBOUT pin via transistor transmitter to prevent data patterns from being 

204 (places it in an open drain condition with no abiUty detected as Flag or Abort characters— which have six 
to be driven low). ^ seven contiguous ONE bits respectively). The first 

A FIFO Underrun occurs when the transmitter at- or two characters following the Opening Flag of 

tempts to unload a byte of data from an empty transmit ^ packet are normally the address field (while the 
FIFO 100 while in frame. This condition is reported via addrrcss field can be more than two bytes long, the 
bit 4 of the FIFO Status Register (App. A) and a mask- receiver can examine only the first two bytes of any 
able interrupt is generated. This causes the FIFO Status address— any remaining bytes are treated as data). If 
Register bit to be sent in the Interrupt Source Register 45 address recognition is enabled (bits 0-4 of the Address 
(App. A) (if the Underrun mterrupt has been enabled in Control Register), these characters are tested by the 
die FIFO Status Interrupt Enable Register). When the address detection unit 226 for a match with one of the 
FIFO Underrun is detected the DLC transmitter 102 f^ve enabled preprogrammed addresses (four program- 
enters state 6 (314) where one Abort character mable addresses and the Broadcast Address). If there is 
(01111111) is transmitted and the transmitter reenters i^ot a match, the DLC receiver 108 returns to state 0 
state 0. Oooking for Flags). The packet currentiy being trans- 

Briefly, normal DLC receiver 108 operation will be mitted is ignored and no status is reported on it If, 
described by reference to FIO. 20, a receive>side state however, there was an address match (or address detec> 
diagram. Following hardware Reset of the IDPC 10 or 55 tion was disabled, in which case all firames are ac- 
when 14 is reset by software (bit 6 of the DLC Com- cepted), the frame is received and is placed into the 
mand/Control Register), the DLC receiver 108 is dis* receive FIFO 106, one byte at a time (including the 
abled and is in a state 0 (316 in FIG. 20). Address, Conttol, Information, and FCS fields). Each 

When the receiver 108 is disabled (by clearing bit 2 of received character is loaded into the receive FIFO 108 
the DLC Command/Control Register), the connection ^ when it reaches the last eight bits of the 16 bit long 
between the SBIN pin and the receiver is severed via Serial to Parallel Shift Register 208, 210 (with the ex- 
transbtor 234. This is the only effect that disabling the ception of the last character, discussed below), 
receiver has on the remainder of the DLC 52. All other State 2 is exited normally whenever the Flag/Abort 
receiver functions work m the same manner as they do 55 detector 214 receives a Flag character. If a Flag is de- 
when tile receiver is on. tected the receiver enters state 1, (Back to back packets 

The user, via software running on the microprocessor . can share Opening and Closing Flags.) At the time the 
18, initializes the DLC receiver 108 by: selecting data Flag is detected, the two previous characters still in the 
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16 bit long Serial-To-Parallel Shift Register 208, 210 are the exception that the Short Frame Error is latched for 

immediately loaded into the receive FIFO 106 and the delayed reporting. The receiver 108 returns to state 1. 

second of these two bytes is tagged as the last character The DLC receiver 108 contains a Maximum Receive 

in the packet The tag makes the form of a ninth bit ^ Packet Size Register (App. A) within block 212 which 

appendedtoeach word in the FIFO. If CRC checking is programmed to specify the maximum acceptable 

has been enabled (the output of the CRC comparator packet length. If the number of bytes received equals 

222 is valid at this time), and its status (error or not) is this count and a Flag or an Abort is not detected at this 

recorded. These last two characters loaded into the time, a Long Frame Error exists and the packet is termi- 

receive FIFO 106 are the Frame Check Sequence nated. This termination is the same as for a normal 

(FCS) if CRC check is enabled. finune with the exception that the Long Frame Error 

When a packet has been received with either a Clos- status condition Is latched for delayed reporting. 

ing Flag, an Abort, or a Long Frame Error, its length If a flag is detected on a non-byte boundary (when 

and status arc latched. This information is presented to 15 ^^^m 1 to 7 bits of a character have been received), a 

the user when the last byte of the packet (tagged as Non-Integer Number of Bytes Error exists. The packet 

such) is read from the receive FIFO 106 (by DMA or ^ terminated as normal with the exception that the short 

programmed I/O). An mtcrrupt (maskable) indicating character is loaded into the receive FIFO 106 as is (it is 

the receipt of a packet, and its status, are generated at <*88«d as the last byte), and the Non-Integer Number of 

this time. The delay in status reporting is required since ^ latched for delayed reporting Note 

theuser'ssoftwareoperatcsatapacketlevelandhasnot ^ ^ alternative embodiment of the IDPC 10, the 

rcceivedthccompletepacketuntUthclastbytchasbeen ^^C can receive and transmit packets containing a 

moved from the receive FIFO 106 to memory 22. In »on-mtegral number of bytes. 

normal operation the receive FIFO 106 is automatically 25 When a byte has been shifted into the last 8 bit posi- 

unloaded by the DMA and the user is not interested in ^« ^f^* ^08, 210 it is moved into 

thestatusofapacketuntilithasbeencompletely trans. « ^« ^« 

ferred to memory operation to take place. If the top location m the receive 

During the course of m)rmal operation six error or ^ f^^^ ^j^.f ^ ^^^^^^ attempted, the 

exception conditions can occurs. These are: the receipt load is blocked. If the top location m the buffer do^^^^^ 

of an Abort character while In-frame, a CRC Error, a become empty before theaext bit is to be shifted mto 

Short Frame Error, a Long Frame Error, a Non-Inte- ^ shift register, a FIFO Overrun condmon exists, 

ger Number of Bytes Error and a FIFO Overrun Error. ^ T^f^ the packet is termhiated. the kst 
In addition to these six cases, the DLC receiver 108 can 35 byte m the FffO « taped as Aelasrt by^^ 

be placed in two test modes: Local Loop Back and f ^ « latched-mcludmg the Overrun condition m- 

„ . . , *^ dicator— for delayed reportmg, and the receive returns 

Remote Loop Back. . _ . « /-i? t?i • I. * j * .1. 

wn. It.-.' .J .t. ♦ . » to State 0 (if a Flag is detected at the same time as the 

When an Abort is received while the receiver is In- ^ ^Jl * ^ « • * jv 
/ X . .1. , . . . . . J . Overrun then state 1 is entered), 
frame (state 2). the packet is termmated The Abort 40 For test purposes the output of the DLC transmitter 

Ukes precedence over all receive errors. As a result of ^ ^ ^ 3^^^ ^^^^^^ ^^^^ 

this termmation several actions are taken: the contents ^^^^^ ^ ^.^ 3 ^ ^^^^^ ^ .^^^ 

""^^ .^^^ ^ "^r^ (App. A). When hi the Local Loop Back mode, the 

ceive FIFO 106^elMtb3^^^ receiver is isolated from its input (SBIN pin) via transis- 

placed mto the FIFO; the DLC receiver 108 returns to 234 

State 0; The status, including the Abort Received bit in p^^g^ ^^^^ ^^^^^ E>lC receiver 108 

the Receive Lmk Status Register (App. A) and byte ^ ^^^^ ^^^^^^ of transmitter 

count are latched; and when the last byte of the aborted (sboUT). This mode is entered when bit 4 of the SBP 
packet is read from the receive FIFO 106, a maskable 50 Control Register is set The operation of the receiver is 

mtemipt is generated. unaffected by this action. 

When the Oosing Hag of a packet is detected, the piG. 21 is a functional block diagram of the UART 

CRC Checker 222 has finished its work. If CRC check- 54 portion of the IDPC 10 of the present invention. The 

mg IS enabled (bit 4 in the DLC Command/Control UART 54 of the instant invention is compatible with 

Register), the output of the CRC checker is tested at the industry standard 8250 UART as described at pages 

this time. If an error has occurred, this error condition 357-371 of "Communications Products Handbook" 

is latched for delayed reporting. published by Western Digital Corporation, copyright 

When a packet is termmated (with a Rag) that has 1984, which description is hereby mcorporated herein, 
fewer characters (exclusive of Flags) than is pro- 60 and, m addition, provides operation in a synchronous 

grammed into the Minunnm Receive Packet Size Regis- mode as well as an asynchronous mode. The UART 54 

ter, and more than 16 bits, a Short Frame Error is re- also includes a Special Character Recognition Unit and 

ported. If the packet had 16 or fewer bits it is discarded transmit and receive first-in, first-out (FIFO) registers, 

without notification to the user. This b possible since no As shown in FIG. 21, UART 54 includes a 10-bit 

data has been placed into the receive FIFO 106 at this receive serial-to-parallel shift register 400 connected via 

thne. If tiie Short Frame contained more than 16 bits, it a signal line to a Receive Data mput terminal of the 
is termhiated the same way that a normal packet is, with IDPC 10. Receive shift Register 400 is connected to a 
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Receive FIFO 404 via a bus 406. Data signals are re- The baud rate generator 414 is a programmable di- 

ceived by register 400 and transferred to FIFO 404 vider that receives a signal via line 414 applied to the 

under control of signals recdved from a UART control UARTCLK pin. Generator 414 provides a Baud clock, 

408 which includes a set of Status and Control Regis- ^ to the UART receiver and transinittcr sections. The 
ters. Receive Shift Register 400 and Receive FIFO 404 input clock received on signal line 414 is divided down 
are connected to Control 408. Receive FIFO 404 con- by a programmable 16 bit (1-65536) Divider. The pro- 
tains a receive FIFO data register 404a located at the grammable divider is configured by loading the Divisor 
*top" of receive FIFO 404, i.e., that portion of FIFO Latch LSB and Divisor Latch MSB Registers (App. B). 
404 connected to busses 58, 60 and 62. 10 These registers are accessed by setting the Divisor 

A Parity, Special Character, Frame, Break Checker Latch Access Bit (DLAB), bit 7 in the Line Control 
412 is connected to Receive Shift Register 400, Receive Register (App. B) of control 408, and then writing the 
FIFO 404 and to UART control 408. Parity. Special UART addresses 0 and 1 (these are the DATA Regis- 
Character, Frame, Bre^ Checker 412 includes a ran- ters and Interrupt Enable Register addresses when the 
dom access memory 413, as will be described in greater DLAB bit is cleared). 

detail herinafter in connection with FIG. 22. In the asynchronous mode the baud rate generator 

A receive multiplexer 410 connected to UART con- 414 is similarly programmed to a value 16 times the 

trol 408 receives Receive Clock signals on a signal line receive clock rate. 

409 connected to an input terminal of the IDFC 10. The 20. The sources of the transmitter and receiver clocks are 
receive clock MUX 410 has an output terminal con- independently selectable via receive clock MUX 410 
nected to Receive Shift Register 400. A Baud Oock and transmit clock MUX 418, respectively. For exam- 
signal generated by a Baud Rate Generation Unit 414 is pie: When bit 0 is set in the UART Control Register, the 
conducted on a signal line 416 to a second input termi- receiver clock MUX 410 selects the output of the baud 
nal of receive Clock MUX 410, as well as to a first input rate generator 414 for its clock. When bit 0 is cleared, 
of a transmit clock MUX 418, also receiving the Rc- the RXCLK input is used. The same options apply for 
ceive Qock via signal line 409 and connected to UART the transmitter clock MUX 418 except that in this case 
control 400. Tlie output terminal of tansmit clock MUX bit 1 in the UART Control Register (App. B) specifies 
418 is connected to a transmit (XMIT) parallel-to-serial the clock source. 

shift register 420. The UART 54 has two primary modes of operation: 

The XMTT shift register 420 receives signals via a bus asynchronous and synchronous. 
422 from a transmit (XMIT) FIFO 424 which, in turn. In the asynchronous mode the receive and transmit 
is connected to the busses 58, 60 and 62. The XMIT 35 shift registers 400 and 420 are clocked at a rate that is 16 
shift register 420 is connected to UART control 408, as times the baud rate. Asynchronous operation is select- 
is the XMIT FIFO 424, and XMIT parallel-to-serial able via microprocessor 18 by clearing bit 2 of the 
shift register generates signals conducted on a signal UART Control Register (App. B) of Control 408 to 
line 426 to a XMIT Data terminal of the IDPC 10. ZERO. As described above, the source of the clock can 

Trananit FIFO 424 contains a transmit FIFO data ^ be either the internal baud rate generator 414 or an 

register 424a located at the bottom of Transmit FIFO external input (receive clock input, RXCLK). Receive 

424, i.e., that portion of FIFO 424 connected to busses dock selection is determined by bit 0 of the UART 

58, 60 and 62. Control Regbter, transmit clock selection by bit 1 of the 

A parity. Frame, Break Generation Unit 428 is con- 45 UART Control Register, 

nected to UART control 408 and to XMIT shift register In synchronous operation the receive shift register 

420 md XMIT FIFO 424. 40O is clocked at the same rate as the data. This means 

A UART Interrupt controller 430 is connected to that the data and clock must be in synchronization with 

busses 50, 60 and 62 and generates signals to UART each other. Data is latched into the receive shift register 

control 408 via a signal line 432. UART control 408 50 400 on the rising edge of the clock. Synchronous mode 

receives clear to send (CTS A data set ready (PSR/), is selected by setting bit 2 of the UART Control Regis- 

riiag indicator (RI/)» and received line signal detect ter. 

(RLSD/) signals conducted from ah mput terminal of The clock used by the transmit shift register 420 is 

the IDPC 10 and generates return to send (RTS) and 55 also the data rate. Data is shifted out of the shift register 

data terminal ready (DTR) signals conducted to an 420 on the falling edge of the clock. The transmit clock 

output terminal of the IDPC 10. can be provided by either the baud rate generator 414 or 

The clocks used to transmit and receive data by the external receive clock input (RXCLK). 

UART 54 come from one of two sources: the receive Data is transmitted as a steady stream of bits with no 

dock (RXCLK) input m. or the baud rate generator ^ framing (start and stop bits) involved. When the trans- 

414. aock selection is made via bits 0 and 1 in a UART mit shift register 420 is loaded, its contents are transmit- 

Control Register within Status and Control register ted directly. The next data byte is concatenated onto the 

block 408. Appendix B contams a complete description previous one. When the shift register 420 and FIFO 424 

of the registers within UART block 408. As with the ^5 are empty the line is placed in a Marking (ONEs)condi- 

DLC Status/Control Registers, various status and con- tion. 

trol signals are conducted between these registers and Data is received on line 402 as a steady stream of bits 

the UART elements shown in FIG. 21, not shown, with no framing involved, and therefore no character 
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boundaries. As eight bits are received into the received shifted into the receive shift register 400 on every clocic 
shift register 400, they are loaded into the Receive cycle. In this mode there are no start or stop bits. One 
FIFO 404. When the line 402 is idle (Marking), the byte of data is received and loaded mto the recdve 
receive shift register 400 is receivmg (and moving to the FIFO 404 every eight bit times. 
FIFO) bytes containing all ONEs. This mode is vsefiil Received data is loaded into a four byte deep recdve 
in low speed synchronous applications since the end to FIFO 404. Receive FIFO 404 is preferably of the "bub- 
end Ime-IDPC 10 UART, to ISDN, to IDPC UAR- blc up" type. An interrupt condition flag is set in the 
T-appears as a piece of wire to the two end users. Data interrupt Identification Register (bits 1-3) when the 
is sampled and transferred as long as receive clock lo number of characters in the FIFO has reached the level 
pulses are received. designated in the receive FIFO threshold field of the 

The receive sUft register 400 is used to convert in- UART Control Register (bits 3 and 4). Bit 3 in the 
coming serial data into p^el characters. The serial UART Status Register is set when the receive FIFO 
data is clocked mto the shift register by the data sample ^ ^i^^old is reached, and cleared when the FIFO 
strobe signal on bne 416 m asynchronous mode and the " ^ j^^^ ^ack below the threshold. A timeout is 
nsmg edge of the receive clock on hne 412 m synchro- j^^^ ^ ^ ^ characters re- 
nous mode as selected by clock MUX 410. ceived is less than the FIFO threshold level (0), and no 

Asjmchrono» oper^on-The dato ««mplc strobe ^^^^^^ ^^^^ j.^^ ^j^^^ 
Signal IS generated by Baud Rate Generator 414 in the , . ^. , ^ j iaa i i i • 
foUowin|manner:menevertheUARTrecd^^^ ^ cles m the asynchronous mode, aiid 00 c o^^ 
receiving a character, the rising edge of the 16X dock ^« *yn^onou5 mode appro^mate^^^^^^ character 
isnsedtosampletherecdvcdato(IOa>)m^^^ times) The timeout sets bit Om the UART Stato 
line402.IfRXDhastransitionedfromhightolowsince ter and geneiates a maskaW^^^ 
the last rising edge of the 16X clock, a potential start bit 23 Dato is read out of the FIFO, from a Receive FIFO 
has been detected If the RXD signal line 402 remains Data Register 404^ connected to busses 58^ « 
low for at least three clock cycles, the start bit is as- '^'''''^12,^^1^' P'^^" 
sumed to be valid; if not, it is ignored. Assummg the ^ mdicatcd by (Re- 
start bit was determined to be valid, the eighth rising '^^^^ Available) bit 0 in the Line Status Register, 
clock edge after the high to low transition of the RXD ^ ^he receive FIFO 404 is fuU when a newly received 
signal (bcginnmg of the start bit) is used to synchronize character is to be loaded into the FIFO, an Overrun 
a divide by 16 counter within Baud Rate Generator 414 ^ reported via bit 1 in the Line Status Register 
that divides the 16X receive clock down to form the reference to FIG. 22, a parity checker 412a and 
data sample strobe (Baud Ckxjk) signal. The RXD sig- 35 portion of parity, special character, frame, 
nal on Une 402 is then sampled by the Baud Qock once Checker 412 is shown connected to the receive 
for each bit m the character to be received. ^ w*^ch is ten bits wide, eight data bits, one 

The receive shift register 400 is ten bits long permit- special character flag, and one parity error flag. Parity, 
ting up to eight data bits, one parity bit, and the start bit. framingi and special character conditions are checked 
When the previous character is moved from the shift ^ element 412 when data is loaded mto the FIFO 404. 
register 400 to the FIFO 404, or at Reset, the shift regis- I» particular, the presence of a character that has a 
tcr 400 is loaded with aU ONBs. Data is shifted mto the Parity error is reported by parity checker portion 412^, 
shift register start bit first (the start bit is a ZERO). or is a special character is reported by comparison with 
When the start bit reaches the end of the shift register 45 in the Line Status Register. The parity error 
(bit position ten transitions from a high to a low) the ^ the special character flag are set accordingly, 
character has been completely received. Note that for Interrupts pf enabled) are generated when either condi- 
characters of less than eight bits (or an eight bit charac- tion is detected. Only the data bits can be read by the 
ter without parity), the data is loaded into the shift While Special Character and Parity Error inter- 
register at a bit position that is closer to the low order nipts arc generated when the character is loaded into 
bit position such that the start bit will wind up in the last the receive FIFO 404, the Parity Error present and 
bit position at the end of the character. This technqiue Special Character Available status bits (in the UART 
aliminates the need for a counter to keep track of the Status Register) are not set until the character is at the 
number of bits received. 55 FIFO output 404a This allows the user to identify 

If the RXD signal is sampled low on the next bit tune which character caused the interrupt, 
after the last bit of a character is received, a framing When the UART 54 is programmed to receive char- 
error exists, and is reported via bit 3 of the Lme Status acters with fewer than eight bits, the unused bit posi- 
Register. The character with the framing error is not tions are filled with ZEROs as the character is placed 
loaded into the FIFO 404. ^ into the receive FIFO 404. 

When the UART 54 receives characters containing Special Character Recognition is performed within 

less than eight data bits» the additional high order bits m element 412 ccmnected to receive shift register 400 and 

the 8 bit byte that is to be loaded into the receive FIFO receive FIFO 404. When a valid character has been 

ar set to ZERO. ^5 received by shift register 400, the lower seven bits of its 

Synchronous operation— In synchronous mode the bit pattern are used as a pointer into the 128 bit deep 

RXD mput signal is sampled on every rising edge of the RAM 413. Bits in the 128 bit RAM 413 are set and 

IX receive clock received on signal line 409. Data is cleared by the microprocessor 18. If the RAM bit ad- 
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dressed by the data is set (1), the character is flagged as can be generated and appended to the data. The charac- 
"spcdal" by the setting of hit 7 in the Lane Status Regis- ter length and number of stop bits are programmable via 
ter. This test is performed when the character is loaded microprocessor 18. Break indications can be generated 
into the receive FIFO 404. An interrupt is generated by the UART transmitter. 

only if the special character enable bit is set (bit 5 in the ^ The shift register clock applied to transmit shift regis- 
Interrupt Enable Register). The special character re- ter 420 can come from either the baud rate generator 
ceived bit is used to identify the presence of an inter- 414 or the receive clock received from the input pin as 
nipting condition. A second bit, bit 2 in the UART selected by transmit clock MUX 418, Qock source 
l**^S,Sf P*"' *° '^"^ "^^"^ character in 10 selection is made via the transmit clock selection (bit q) 

AeOTOisspccid.Tlmbitisnotsetuhtd in the UART Control Register, the input source for the 

IS at the ou^ut of the FIFO. ^ ^^^^^ ^^^^^ ^^^^ asynchro- 

The special character recogmtion umt 412 uses the ^^a^ ^^a 1 ^^^^ a^* * - C 

^^^^ ^ u ♦ J J • * AT, mode, and 1 tunes the data rate m synchronous 

received characters as addresses mto a 128 bit RAM 4B. e.„i.-*-^ ^ 1 ^ j • ^ * 

T*,-. 1-50 w;*DA\^i« :^ -lOQv^i u *u 15 fflode. Synchronous operation IS selected via bit 2 Of the 

The 128 bit RAMisorgnized as 128Xi»asseenby the *^ iTAnT' -n-*-*-.! u-^vta 1. ^ 

special character detected as a 16x8 array as seen y^L^^'^-^^^'"'^ In Asynchronous Mode 

bVthe user. RAM 413 is loaded by the user by writing f the transmit logic aut^^^^^ divides the clock 

to one or more of the 16 registeni. The first register! P^*" '^^f 1^ 

located at rekdve address 9. contains the first dght bits ./^^^^^^ . 

of the 128 bit map. Bit 0 in the map corresponds to bit ^Ifji^l^"^^ ^T?' ^ 

0 in the ffet register. Bits 15^ are located in the second ^P^y ^« ^ 

register (address 10) and so forth. The default value at °5 ^If^ ^^^^ ^ 

Reset is all ZEROs. condition. 

Parity is checked by parity checker element 412a on 25 "^^ta to be transmitted by UART 54 is loaded into the 
all received characters as they are loaded into the re- transmit FIFO 424 by the microprocessor 18. As the 
ccivc FIFO 404. If a violation has occurred, and parity transmit shift register 420 becomes empty it is reloaded 
is enabled (Wt 3 of the Line Control Register (App. B)), *24. When the number of bytes in the 

the parity error bit is set (bit 2 of the Line Status Regis- ,^ *° a programmable 

ter (App. B)). If the receiver line status interrupt is threshold, the Transmit FIFO Threshold Reached Bit 
enabled (bit 2 of the Interrupt Enable Register (App. (5) « set in the Line Status Register (App. B). An inter- 
B)), an interrupt will be generated. A second status bit, ™Pt is generated (if enabled) when the FIFO level 
bit 1 in the UART Status Register (App. B), is set when FALLS TO the programmed threshold level (the tran- 
the character containing the parity error reaches the 35 ^^^^ causes the interrupt, not the level in the FIFO 
output of the receive FIFO 404. This allows the user to ^emg at or below the threshold). The threshold is pro- 
identify which character in the FIFO 404 contains the grammed via bits 5 and 6 of the UART Control Regis- 
error. The selection of even or odd parity is made via bit ter. Parity, if selected, is generated by element 428 con- 
4 of the Line Control Register. The UART 54 can be ^ected to XMIT FIFO 424 and XMIT Shift Register 
placed in a test mode that forces the parity bit to be ^ *20 as the data is moved from the FIFO to the shift 
generated and then detected in the state opposite the register. 

prognunmed state (even or odd). This stick parity mode Frame generation by element 428 takes place only in 
is mvoked by setting bit 5 in the Line Control Register. the asynchronous mode of operation. The number of 

Frame errors are detected by element 412. Framing is 45 stop bits and character length are programmed into the 
valid only in the asynchronous mode of operation. UART transmitter. These parameters also hold for the 
Framing is not checked m the synchronous mode. receiver. The number of stop bits is programmed in the 

Bit 3 of the Line Status Register is set if the received Line Control Register bit 2. The character length is 
character does not have a valid stop bit, and is not a programmed by bits 0 and 1 of the Line Control Regis- 
break condition. An interrupt is generated if the line ter. 

status interrupt enable bit is set (bit 2 of the Interrupt Break Generation is also performed by element 428. 
Enable Register). Under control of the microprocessor 18, the UART 54 

Break Detection is performed witUn element 412. will transmit an all ZEROs *'Break" pattern until the 
Break detection is valid only in asynchronous mode. 55 Break bit is reset by the microprocessor 18, The Break 
Break detection does not take place in synchronous request bit is bit 6 in the Lme Control Register. The 
naode. UART 54 will wait until any character currently being 

Bit 4 in the Line Status Register is set. if the receive transmitted is complete before transmitting a break. (A 
data input is held spacing (0) for more than a full char- minimum of ten contiguous ZERO bits will always be 
acter time (start bit-hdata bits-|- parity bit+stop bits). ^ sent when a break is requested.) The UART transmitter 
The Receive Line Status mterrupt must be enabled for will return HIGH for at least one bit time following the 
an mterrupt to be generated. transmission of a break before a new character will be 

Data that has been transferred mto the transmit FIFO sent This allows the start bit of the new character to be 
424 by the microprocessor 18 via busses 58, 60 and 62 is 55 detected. Break generation causes the nransmit FIFO 
loaded into the parallel-to-serial transmit shift register 424 to be cleared. 

420 and shifted out synchromzed by tiie transmit The UART control until 408 provides handshake 
clocked selected by transmit clock MUX 418. Parity signals for use in controlling communications between 
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the IDPC 10 and an external termiiial. These signals are: The signals on the various lines connected to the 
RTSA CTSA DSR/, and DTR/. RTS/ and DTR/ are DPTC56 are now described more completely, 
outputs to the terminal. They arc controlled by the The input pin is used as the direction control for the 
CPU bia bits 1 and 0 in the Modem Control Register ^ DPTC 56 portion of the IDPC when the local proces- 
(App. B), respectively. CTS/ and DSR/ are inputs from sor 18 is accessing a shared RAM to be describe herein- 
the terminal. Their status can be read at Modem Status after in connection with FIG. 23. When this pin goes 
Register bits 4 and 5, respectively. The CTS/ and high it indictes that a write cycle to the shared RAM is 
DSR/ inpute generate a modem status interrupt if they in progress. As a result of LDT-R/ going high, 
have changed since the Modem Status Register was last 10 RAMWE/ and LDBE/ are driven active (low). When 
read This interrupt is enabled via Interrupt Enable LDT-R goes low it indicates that a read cycle from the 
Register bit 3. The Delta CTS and Delta DSR bits in RAM is in progress. At this time RAMOE/, LDLE/ 
the Modem Status Register (0,1) reflect the fact that the -and LDLOE/ are driven active low. LDT-R is re- 
status of CTS/ or DSR/ has dmnged since the Modem turned to the inactive state on the next falling edge of 
Status Register was last read. Reading the register CLK. 

clears these bits. HDT-R/ functions identically to LDT-R except that 

The UART 54 has four handshake lines in addition to it is the direction control supplied when a remote host is 
the lines used by the IDPC These are Ring Indicate, accessing the shared RAM. 

(RI/), Receive Line Signal Detect (RLSD/), Output 1, 20 The LREQ/ is an active low input to the IDPC from 
and Ou^ut 2. RI/ and RLSD/ are inputs to the UART. the local processor 18 requesting access to the shared 
Thdr status is reported by bits 6 and 7 of the Modem RAM. LREQ/ is sampled on the negative edge of every 
Status Register, respectively. An interrupt is generated IDPC clock cycle. LREQ/ is normally active for two 
by the detection of die trailing edge of RI/ (RI/ going IDPC clock cycles. When sampled active, LREQ/ 
inactive-high). This is reported via bit 2 in the Modem drives RAMCS/ and LABE/ active Oow). LREQ/ is 
Status Register. An interrupt is generated if RLSD/ to be synchronous to the clock, 
changes since the Modem Status Register was last read. The HREQ signal functions identically to LREQ/ 
This Delta RLSD/ indication is reported via bit 3 in the except that it comes from a remote host processor re- 
Modem Status Register. The Output 1 and 2 signab are ^ questing access to the shared RAM and it is active high, 
general purose outputs. They are controlled by scttmg HREQ is an asynchronous input with respect to the 
and clearing bits 2 and 3 in the Modem Control Regis- IDPC clock. 

ter, respectively. LRDY is an active high output from the IDPC 10 

With reference again to FIG. 2, a dual-port timing 35 used by the local processor 18 to complete shared RAM 
controller (DPTQ 56 is illustrated connected to the memory cycle. LRDY is normally high. It is driven low 
MPI 50 via a control line 57 and to the IDPC internal when request for die shared RAM is received from the 
busses 58, 60 and 62. Also shown in FIO. 2 connected to local processor 18(LR£Q/) and the host processor is 
DPTC 56 are signal lines conducting signals to and currentiy accessing the shared RAM, 
from external terminal pins of the IDPC 10. These in- ^ The HRDY signal performs the same functions as the 
elude bus arbitration control terminals: a local proces- LRDY except that it is used by the host processor, 
sor bus request (LREQ/) input terminal, a local data When activated LINTOUT signal intended to gener- 
transmit/Receive (LDT-R/) input terminal, a local ate an intcr^^)t to the local fflrocessor 18. LINTOUT 
ready (LRDY) output terminal, a host processor bus 45 goes active (high) as a result of bit 1 in a Semaphore 
request (HREQ) input terminal a host data transmit/- Register being set to a 1. LINOUT is returned to the 
receive (HDT-R) input terminal, a host ready (HRDY) inactive state when bit 1 of the Semaphore Register is 
output terminal, a host interrupt in (HINTIN) input cleared to 0. 

terminal, a host interrupt acknowledge (HINTACK) The HINTOUT pin functions similar to the LINT- 
input terminal, a host interrupt out (HINTOUT) output 50 oUT pin but it is intended to interrupt the host prooes- 
terminal, a local interrupt out (LINTOUT) output ter- sor. HINTOUT is activated by the local processor 18 
mmal. Also a set of four host port (HPORT) control writing a done into bit 0 of the Semaphore Register, 
output lines, a set of three RAM control output lines HINTOUT is intended to be connected to an interrupt 
and four local port (LPORT) control output lines. The 35 input on tiie host processor. HINTOUT is deactivated 
HPORT lines include a Host Data Latch Enable by the host pulsing the HINTACK pin which clears bit 
(HDLE) output line, a host data bus enable (HDBE/) 0 of the Semaphore Register and deactivates HINT- 
output Ime, a host address bus enable (HABE/) output OUT. 

line, and a host data laach output enable (HDLOE/) The HINTIN is an active high input used by the host 
output line. The RAM control lines include a RAM ^ processor to generate an interrupt to the local processor 
Chip Select (RAMCS/) output line, a RAM write en- 18 (LINTOUT). When HINTIN goes active it causes 
able (RAMWE/) output line and a RAM Output enable bit 1 of the Semaphore Register to be set to one which 
(RAMOE/) output line. The LPORT output lines in- in turn generates LINTOUT out. This mechanism is 
elude a local address bus enable (LABE/) output line, a ^5 necessary because the host cannot read/write the Sema- 
local data abus enable (LDBE/) output line, a local data phore Register. 

latch enable (LDLE) output line and a local data latch The HINTACK active high input to the IDPC clears 
output enable (LDLOE/) output line. bit 0 of die Semaphore Register to a zero. HINTACK is 
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output by the host processor in response to the receipt device. These functions include: memory cycle riming 

of a HINTOXJT iaxantpt from the IDPC. generation, control of buffers and latches required to 

LABE/ is driven active low by the IDPC as a result isolate the host's system bus 500 from the microproces- 

of receivmg an UtEQ/ from die local processor 18 and sor 18 local bus and generation of the Ready control 

is used to enable the address lines from the local proces- signals back to the host and the local processor, 

sor 18. LABE/ remahis active until the end of the man- la addition to arbitrating accesses to the shared RAM 

^ . . ., , 22* the DPTC 10 provides a semaphore mechanism 

HABE/ functions identJcaUy to LABE/ except that (bidirectional Interptocessor Interrupts) that is used to 

.tenabalesaddresslmes from the hostad^Ms latches to ,o coordinate the passing of high level messages to and 

Tnnp7 K, u from the local microprocessor 18 and the host SRAM 

H 7 used to aiable tte 22a is connected to the date and address busses 26 and 

J?M^1^ 28 and receives the RAMCS/ (at CS/ terminal), the . 

tSfif^l ^H^IiZ^^^. .5 RAMOE/(atanOE/terminal)andtheRAMWE/(at 

JLDT-R/ being dnven high (write cycle). It remains ^ /* . « j «/ y . j i. * 

MghumathcLdofthememorycycL aW^t^um^ 

HDBE/ functions identicaUy to LDBE/ except that ™ Z . , . ^ • 

it enables data from the host bus onto the shared RAM , l'^ f T'''' '^^"^ ^ 

busand it is activated by HDT-R/ going high. ^ op J J^/ f ^J^'.f^? ^"1! en.^'^'''' 

The LDLE active high output is used to latch data ^ ^^^^^^ ^^^^^ W^J^^ ^02 receives the 

from the shared RAM to the local processor 18. LDLE T^lz^J^^?^^ ^^"^^ "^^^^ ^ ^ "'P^* ^^"^ 

is driven low (the latch is made transparent) as a result *® ^ » P^ac«* on 

of LDT-R/ going low (read cycle). It returns active ^® ^ between the IDPC 10 and the SRAM 

(high) at the end of the memory cycle. 25 ^ receives the LDBE/ at an OE/ input frona the 

HDLE functions identically to LDLE except that it ^ P^^^^ ^ ^^^^^^^ 28 

latches data from the shared RAM to the host processor between the IDPC 10 and the SRAM 22a receives the 

data bus and is activated by HDT-R/ going low (read LABE/ at an OE/ input. A latch 508 is placed on the 

cycle). address bus 28 following the latch 505 between the host 

LDLOE/ is an active low output from the IDPC system bus 500 and the SRAM 22fl receives the HABE/ 

used by the local processor 18 to enable the output of "Snal at an OE/ terminal generated by DPTC 56. A 

the data bus latches back to the local processor. ^ placed on the data bus 26 following the 

LDLOE/ is driven active (low) when LDT-R/ is latches 502 and 504 between the host system bus 500 

driven low (read cycle). It is cleared (high) when 35 receives the HDBE/ signal at an OE/ terminal 

LREQ/ goes inactive. generated by the DPTC 56. A latch 512 is placed on the 

HDLOE/ fonctions identically to IDLOE/ except bus 26 following the latches 502 and 504 between 

that it is used to enable the output of data onto the host ^ SRAM 22a and the host system bus 500 and receives 

data bus and b activated (low) by HDT-R/ going low *be HDLOE/ signal at an OE/ terminal and a HDLE 

(read cycle). It is cleared (high) when HREQ goes ^ signal at an E terminal generated by the DPTC 56. 

inactive. Finally, the IDPC 10 communicates the HINTOUT, 

RAMCS/ is an active low output from the IDPC HINTIN, HINTACK, HRDY, HDT-R/ and HREQ 

used by the shared RAM as its chip select enable. It is signals to and from the host system bus 500. and the 

driven active (low) when either LREQ/ or HREQ arc 45 LINTOUT, LREQA LRDY, LDT-Rl conducted to 

sampled active. RAMCS/ remains active until the end ^ MCSO, SRD Y and SI/ termhials of local processor 

of the memory crycle. 18. 

RANWE/ is an active low output from the IDPC With reference now to FIO. 24, a functional block 

used by the shared iLAM as a write strobe. It is acti- diagram of the DPTC 56 of IDPC 10 shows reception 

vated when either LDT-R/ or HDT-R/ goes high and generation of the various control signals described 

(write cycle). It is deactivated at the end of the memory hereinbefore in connection with FIO. 2. The operation 

cycle. of DPTC 56 will be described m connection with the 

RAMOE/ is an active low output signal used by the seven major functional blocks shown in FIO. 24. 

shared RAM to enable its output drivers. It is driven 35 A synchronization (SYNC) block 520 receives the 

active when either LDT-R/ or HPT-R/ is driven low master clock (CLK) signal from tiie local processor 18, 

(read cycle). It is cleared (high) at the end of the mem- as well as the HREQ signal from the host on bus 500. 

ory cycle. The synchronization block 520 generates a host request 

With reference now to FIG. 23, the IDPC 10 can be signal synchronized with the local clock which is con- 
used in host-based systems in which the "local" micro- ^ ducted to a conflicting request cycle arbitration block 
processor 18 and an external "host" communicate with 522 which also receives the LREQ signal from local 
one another via a shared memory 22fl (dual port RAM). processor 18 and the CLK signal. Cycle arbitration 
This memory is an external shared RAM (SRAM), that block 522 generates a local cycle (LCYCLE) signal and 
can be accessed by either the microprocessor 18 or the ^3 a host cycle (HCYCLE) signal therefrom for use by the 
host The Dual Port Tuning Controller (DPTC) 56 of other fWctional blocks within DPTC 56. Cycle arbitra- 
IDPC 10 provides the control functions necessary to tion block 522 also generates a GO signal received by a 
aUow an ordinary SRAM 220 to function as a dual port RAM cycle timer block 524. RAM cycle timer block 
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524 also receives the CLK signal and the LOT-R/ and one CLK clock time dead space in between any two 

HDT-R/ signals, and generates therefrom the SRAM cycles. 

RAMOEA the RAMCS/ and the RAMWE/ signals, as While the SRAM 2a is idle the cycle arbitration block 

wcU as a STOP signal. ^ 522 of DPTC 56 samples the LREQ/ and synchronized 

A local port cycle controller 526 receives the STOP HREQ signals on the falling edge of every IDPC clock 
signal generated by RAM cycle timer 524. the CLK cycle. If a request is present a cycle is started and a GO 
signal, the LCYCLE signal and the LDT-R signal and signal is generated to RAM cycle timer 524. The start- 
generates therefrom the LDLE, LDLOE/, LDBE/ ing of a cycle causes the following actions to take place: 
and LABE/ signals. 10 raMCS/ is driven active Gow) by RAM cycle timer 

A host port cycle controller 528 receives the STOP 534 (time 552) and cither LABE/ or HABE is driven 

signal, the CLK signal the HCYCLE signal and the active Gow) (times 554 or 556, respectively) depending 

HDT-R/ signal and generates therefrom the HDLE. on whether LREQ/ or HREQ/ was sampled. 

HDLOEA HDBE/ and HABE/ signals. RAMCS/ provides the chip select control output to 

A local port ready (LRDY) controUer 530 receives the SRAM 22a Both RAMCS/ and either LABE/ or 

the I^Q signal the CLK signal, the HCYCLE signal hABE/ signals remain active untU the end of the mem- 

r?rSr^ ^ generates therefrom the ^^y cycle times 558 or 560 respectively. 

LRJDY signal. . On the next falling edge of the IDPC clock (CLK) 

.u^^lT 'T^ TT^lt^^ T':'^''. POrt'« <^o^trol input line (LDT-R/ 

^ . • , , . whether the cycle is a read or write cycle. If the direc- 

D«gnand (»nstr«*<mo^ ^^^^^^ ^ 

mKG MwfflbcundcrsUKxIbythoseskmcdmthe^ ^ ^^'^ J 

when taken with their descnption above as well as t% a\£ 1 *: m^A a '-.u » i^-w^w^, 

. . ^ r^i. ^ -^- ¥JiM cycle tmier 524 (time 566) and either LDBE/ or 

further descnpdon of A«r funcUomng 8>v«i now m hdbE/ is driven active Oow) (tunes 568 or 570. respec- 

^^^t r"*?"'^?"^ ^ • 30 «^«>y) d«P«"dtog on whether LDT-R/ or HD-^R/ 

The DPTC 56 generates the cycle timing for all ac- ^ led 

cesses to the shared RAM 22a, The length of each cycle d ai^wc/ i« ♦u-. ct> ai^-c * * u x* • 
. - a . . . . 7 ^. . RAMWE/ IS the SRAM 22a write strobe. It is re- 
ts fixed, and is mdependent of the cycle times of either , J* • t.X . . . J 1- 

i^^li ^^.^J\ii V. * x# 1 turned to its mactive (high) sUte at the end of the cycle 

the local processor 18 or the host Memory cycles are - . Iotv-i-, , ^ . 

... (time 572). LDBE/ and HDBE/ are the data buffer 

generated m response to a request from either the local 3, J; 1 ^ * V *v ^7 * iT • ■ . Z 

processor ISorthehostlnLcaseofconflictingre. ^lecontrobA^ 

queststheDPTC56arbitratestheconflict,grantingthe f ^ ."T?? T7^^ 

first cycle to one requester while holding off the other ^heir macuve (high) state at the end of the cycle (tmie 

(via the appropriate Ready line LRDY or HDRY). The ,7 respectively). 

DFTC 56 will always arbitrate in favor of the local 40 If f « direction control kne LDT-R/ or HDT-R/ is 

processor 18 (referred to as the L-port). With reference ^^}^ fr*^*^>' ^oMo^mn^ happens: RAMOE/ 

now to the timing diagram of FIG. 25. if the L-port has ^^"^ ^ow) by RAM cycle timer 524 (time 

a request pending (via the LREQ/ input) at the time ^^^^ « ^^^*=° ^^^^^^ Oow) (times 580, 

when the cycle arbitration block 522 is ready to start the 45 omitted for clarity); and LDLOE/ or 

next memory cycle, at the time labeUed by reference HDLOE/ is driven active (LOW) (time 582, time for 

numeral 540 in FIG. 25, the L-port will be granted the HDLOE/ omitted for clarity), 

cycle regardless of a request from the host (H-port). If RAMOE/ enables the SRAM 22a output drivers, 

a request from the host (HREQ input pin) is present, or Ll^LE and HDLE place the appropriate data bus latch 

becomes present during the cycle (L-cycle) time 542, 50 502 or 512, respectively, in its transparent state, 

the next cycle will be granted to the host (H-cycle) time LDLOE/ and HDLOE/ enable the data abus latch 502 

544. This takes place implicitly since the DPTC 56 will ^12, respectively, outputs back to the local or host 

start the next cycle before the local processor 18 can system bus. RAMOE/, LDLE, and HDLE are cleared 

request another cycle time 546. If an L-cycle request is 55 ^ ^y^^ (times 584, 586, respectively, 

received in the middle of an H-cycle the local processor for HDLE omitted for clarity). LDLOE/ (time 

18ishcldoff (via the LRDY line) until the H-cycle has 5*8) and HDLOE/ (time omitted for clarity) are 

completed (time 548 through time 550). cleared when the cycle request (LREQ/ or HRE(3) is 

L-cycle requests arc synchronous with the IDPC removed (time 590). 

clock. This is not a problem since the IDPC clock is the ^ The memory cycle ends on the next falling edge of 

same as the local processor clock and the memory cycle the IDPC (CLK) clock (time 592). 

timing is generated from the IDPC clock. H-cycle re- The LREQ/ and HREQ inputs are sampled by cycle 

quests are assumed to be asynchronous to the IDPC arbitration block 522 on each successive falling edge of 

clock, and are synchronized internally to the DPTC ^5 the IDPC clock (CLK) to determine if a new cycle is to 

within the SYNCH block 520. be started. 

As shown in FIG. 25. the SRAM 22<J memory cycle The LCYCLE and HCYCLE control blocks 526 and 

is two IDPC clock (CLK) times in length, with at least 528 generate the various LDLE, LDLOE/, LDBE/, 
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LABE and HDLE, HDLOEA HDBE/, HABE tuning and (via an external pin of IDPC 10) by a signal line 

signab described in connection with FIO. 24. 5996 cairying a HOST IN OUT signal 

In the event that the L-port requests a cycle while an The Samaphore Register 596 can be read and written 

H*cycle is in progress, or the H-port requests a cycle ^ by the local procesor (but not by the host). Local 

while either an L-cycle is in progress or an L-port re- processor-to-host hiterrupt—The local processor 18 . 

quest is present, a conflict occun. The cycle arbitration generates an interrupt to the host 595 by writing a ONE 

block 522 of DPTC 56 will always arbitrate in favor of to bit 0 in the Semaphore Regbter 596. The setting of 

the L-port this bit activates the host interrupt output (HINTOUT 

If LREQ/ becomes active while an H-cycle b m pin)- The host clears the bit, and therefore the HINT- 

progress LRDY is driven inactive (low) by LRDY OUT pin, by pulsing the host interrupt acknowledge 

control 530. This takes place immediately. LRDY is ^P^^ (HINTACK pin). 

returned active at the start of the next memory cycle Host-to-local-processor interrupt— The host 596 gen- 
(which will be an L-cycle). 15 urates an interrupt to the local procesor 18 by pulsing 

The case in which HREQ becomes active while an interrupt input (HINTIN pin). This sets bit 1 in 

L-cycle is in progress is handled exactly the same as ^® Semaphore Register 596 and activates the local 

above, except that HDRY is used as the control signal ^terrupt output (LINTOUT pin). The local processor 

instead of LRDY. ^^^^ interrupt request (generated by the LINT- 

The case where HREQ is active prior to the start of ^ clearing bit 1 in the Semaphore Register, 

a cycle and LREQ/ also becomes active, causes HRDY ^® ^® present invention contains a 

to be driven inactive Oow) as soon as LREQ/ becomes ^"^^ ^^^^ user-definable data can 

active. (If LREQ/ is already active-before the L-cycle ^'L^^^f' y'^''^ 

starts-HRDY is driven inactive as soon as HREQ 25 ^2 transimtter 102 has a s of status and control 

becomes active.) HRDY is returned active when the ^^g^^ters (112, FIG 4). the DLC receiver 108 has a set 

H-cycle is started. control registers 212, FIG. 10), the UART 

With reference now to FIG. 26, aU communication ^ set of status and control registers (4«8, FIG. 21) 

between the local processor 18 and the host processor " f^f!f '^^f"^ t^'L^^ map registers within 

.595 takes place through *'maUboxes*' located m shared ^^'^^ "^^^ fPTC 56 has a smgle semaphore 

RAM22a Amechanismisrequiredtoinformtherecip. T^L.Tj!!' 

ientthatthereisamessageinLmaiIbox.IntemiptsaL mp??o .^^^^^ 

used for this task. ^^tP^^ ^ ''''^ described. 

. ^1 ^ * , , ic The user accesses the various status and control regis- 

Message Pa«nng t^^ two forms: local processor 18 35 ^ microprocessor 

sendmg to ttie host 595, ^d host sendmg to the local ^ ^ ^^^^ ^ ^ j^pi 5^ 

processor When the local processor wishes to send a following memory map: 

message to the host, it first places the message in the • 
host's mailbox and then generates an interrupt request 40 
to the host The host reads the message and clears the 
interrupt request. Conversely, when the host wishes to 
send a message to the local processor it places the mes- 
sage in the local processor's mailbox and generates an 

^rl'd'^Ti '° t local processor^The local pro. Status and control registers listed in Table I below are 

^ ni^nlf^' ^^'^ the mtemipt re. contamed within the DLC 52 in blocks 112 and 212 and 

^ 1: f 7 rf . ' T^^^'l semaphore used to establish the required modes and configura. 

register 596 to facihtatettje generate ^^^^ DLC transmitter 102 and receiver 108 as 

these toerrupt requ^ Tlie low.order bit position of 50 weU as monitoring and reporting the necessary status of 

semaphore register596 (brt 0) contains an mterrupt-to- qLC 52 to the user. The status and control registers 

host processor (TTHD) flag and the highH>rder bit posi- ^ fo, ^LC FIFOs 100 and 106 and Serial Bus 

^n Ojit 1) contains an mtcrrupt-to-local processor Port (SBP) 104 arc also listed in Table L These registers 

^ ^. . ^ 55 occupy the first 29 locations in a 32 byte DLC address 

The nXP bit portion of semaphore register 596 is space. This space starts at location 00 in the Internal 

connected to the local processor 18 (via an external pin Memory Map 

^^^?J^^ by a^gnal line 597 carrying a LOCAL prfor to discussing the dctaUs of the individual regis- 

INT OUT signal. The host processor 595 is connected ters listed below in Table I, the following section de- 

to the ITLP bit position (via an external pin of IDPC 60 scribes two DLC registers and a bit field in a third 

10) by a signal line 598 carrying a HOST INT IN signal. register which differ from the other user-accessible 

The local processor 18 can write a LOCAL IN CLR DLC registers. 

signal to bit 1 of register 596 and a HOST IN RE- The Receive Frame Status Register. Receive Byte 

QUEST signal to bit 0 of renter 596 via the MP! 50. Count Register, and the Receive Link Address Bit field 

The host 595 is connected to the ITHP bit position of (bits 0-2) of the Interrupt Source Register support the 

semaphore register 596 (via an external pin of IDPC 10) reception of multiple contiguous frames (back-to-back 

by a signal line 599a carrying a HOST IN ACK signal frames). These two registers and the bit field of the third 



Address 


Use 


(30-31 


DLC 52 


32-62 


UART 54 


63 


DPTCS6 
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register must maintain a "history" of the status (good or Stage 3 as soon as Stage 3 becomes empty. This, in turn, 

bad frame) and byte count of up to two previously allows transfer of data from stege 1 to Stage 2 at the 

received frames while a third frame is actually being EOF condition. 

received by the DLC 52. These registers and the bit The contents of Suge 3 register 610 is transferred to 

field are four stage registers to support multiple levels of Stage 4 register 614 (which is the register accessible by 

status from frames received by DLC 52. the user) when Stage 4 is empty and the EOF-tagged 

Each of the Receive Frame Status Register. Receive byte is read (by DMA or the microprocessor 18) from 

Byte Count Register and the Receive Link Address Bit Receive FIFO Data Register 298. If Stage 4 is not 

Field are comprised of the foUowing four stages: (1) lo empty, then Stage 3 will retain its status. Stage 4 is 

Current, (2) Holding, (3) Master, and (4) Shive, A typi- cleared ("emptied") when read by microprocessor 18 or 

cal four-stage "delayed-status" structure used for the j^j^q Reset occurs. 

J^tit^i!^f ^^^"^ Register is shown in FIG. 27. Received frame status can '^backupMfmicroproces. 

15 sor 18 has not read Stage 4 when an event occurs that 

be described heremafter. ^ g 3 transferred to Stage 4, Stage 

With reference to FIG. 27, the flag detector 214 of Tic^n^tT^nrf^^^ «rl.AKi!™ ;f 

T\r «Ao • -. J * A vrrv * ^aa ^ ^ transferred to Stage 4. There is no problem if 

"^ZZ} «»"f«*.*°r ^P^'^J' stage 4 U emptied before ^ event occurs wWch would 

u. sthe c^t-bit mmnnm (receive) pactet aze regmer ^ ^ ^ ^^^^ 

^T^r^^T^ Tmi^^ I 20 stage 3 is transferred to Stage 4 as soon as Stage 4 is 

one AND gate 600 is shown in FIG. 27, eight such \. , „ , x * * 

gates, openfting in parallel and each connect«l to the cmpUed. However, with both Stages 2, 3. and 4 non- 

flag detector, are employed.) The signals generated by f ^^^^ ^ ^Ug^ 

AND gates 60O are conducted to an eight-bit ktch 602, ^ ^8 ^"^^^i^/^J^^^T'^ ^ 

receiving at a reset (R) input the IN-FRAME signal. 25 and4arenot distobed.mDLCRecei^^ 

The outputs of latch 602 are conducted to a sdTof T^™^ f l^^''''^ ^'"^ freezing Stage 1 Any 

(eight) AND gates 60^ each also receiving an OUT- ^^^^ ^^^^ ^ transmitted to the DLC receiver arc 

OF-FRAME signal and an EMPTY signal generated ^^*^f ^ '^^^ microprocessor 

by an eight-bit ("stage 2") register 606. Register 606 3^ ^ij^c^^T^^^ 

receives the eight signals conducted in parallel from f^'/^^f ^ transfwred to Stage 4, Stage 2 is trans- 

AND gates 604 ferrcd to Stage 3 and Stage 1 is transferred to Stage 2. 

Register 606 is, in turn, comiccted at its outputs to a this Point the DLC Receiyer 108 logic enters Re- 

set of (eight) AND gates 608, each also receiving an ^^^^^ ^ ("'^^ ^*^«) reception can 

EMPTY signal generated by an eight-bit ("stege 3") 35 ^ . , . . «^ . . 

regbter 610. Register 610 is. m turn, connected at its , ^he vahd and invahd packet received bits (3,5) of the 

outputs to a set of (eight) AND gates 612, each also Jnterrupt^ource Register are also reported m a detoyed 

receiving an EMPTY signal generated by an eight-bit ^«^y^ 

("stage 4") register 614. Register 614, is, in turn, con- conditions and do not themselves require four- 

nccted at its outputs to a set of (eight) AND gates 616 ^ mechanism. 

each also receiving a signal from bit 5 of a Receive ^^"^^^ ^^^^"^ ^^^ister has not been read 

Frame Status Interrupt Enable Register (typical of ^^^^ Interrupt Source Register was last read, and 

other bit positions within the register.) The witputs of ^® significant bit of the Receive Byte Count Reg- 

AND gates 616 are conducted in parallel to an OR gate 45 ^ ^ Receive Status Register will be cleared. 

618. The single output generated by OR gate 618 is manner, the four-stagc delayed status mechanism 

conducted to bit position five of an Interrupt Source remains synchronired if a valid date packet is received 

Register 620, which is, in turn, connected at its output and the Receive Status Register is not read, 

to an AND gate 622. AND gate 622 also receives a contains a number of registers within 

signal from bit 5 of an Interrupt Source Interrupt En- ^® transmitter stetus and control registers block 112 

able Register. The signal generated by AND gate 622 (^'^- ^) ^« receiver stetus and control registers 

generates a DLC interrupt signal. ^^ock 212 (FIO. 10). These registers are listed in Table 

Stege 1 (602) contains the current status of the frame 1* 

presently being received by the DLC 52. This stege is 55 TABLE I 

updated with the current DLC receiver status as PLC 52 Sutus and Control Registers 

changes occur in real-time. The contents of Stege 1 is idpc Hex Length 

transferred to Stege 2 (606) via gates 604 when Stege 2 Address Register (Bytes) 

is empty and an event occurs that caused a byte to be 00 Command/Control Register 

teggedastheEnd-of-Frame(EOF)bytcasitentersthc 60 01 DLC Address Omtrol Regtet^^^ 

— _ ^, , , . , 02 Link Address Recognition Register 0 

DLC Receive FIFO 106 as described hereinabove m 04 Link Address Recognition Register I 

connection with FIG. 18. If Stege 2 is not empty (ie., 0^ LInIc Address Recognition Register 2 

contents not yet transfared to Stage 3). then Stage 1 °1 ^^Cp^n ^sS^'^.^^.t^^^^ 

will retam Ite stetus. when Stage 1 is transferred to 55 OB Minimum Receive Packet Size Register 

Stege 2, Stege 1 is free to begin monitoring the next ^ Maximum Receive Packet Size Register 

fame that arrives. Stage 2 then holds the data untU S^ln'S'^'r 

Stege 3 IS empty. Date is transferred from Stege 2 to lO Receive Link Interrupt Enable Register 
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IDPCHex 
Address Register 



PLC 52 Status and Control Rcgteters 



Length 
(Bytes) 



1 1 FIFO Status Interrupt Enable Register 

12 Transmit Byte Count Register 

14 FIFO Threshold Register 

15 Inteirupt Souioe Roister 

16 Receive Byte Count Register 

18 Receive Frame Status Register 

19 Receive Link Sutus Register 
lA FIFO Status Register 

IB Receive FIFO Data Register 

IC Transmit FIFO Data Register 



10 



15 



35 



Appendix A contaios a description of the DLC status 
and control registers listed in Table I. 

The DLC registers fall into five categories, com- 
mand/control) status, FIFO data, interrupt identifica* 
tion, and interrupt enable registers. 20 

DLC command/control regiters — ^The cosunand- 
/control registers are used to conftgure the DLQ and 
to request specific actions. These include: 

DLC Command/Control Register; 

Link Address Control Registers (4); 25 

SBP Control Register, 

Minimum Receive Packet Size Register; 

Maximum Receive Packet Size Resiter; 

FIFO Threshold Register and 

Transmit Byte Count Register. 30 

The DLC Command/Control Register controls the 
operation of the entire DLC. The other registers each 
control the actions of a specific portion of the DLC. 
The bit assignments are not critical in these registers. 

DLC status registers— The DLC status registers re- 
port the state of the DLC to the user. These include: 

FIFO Statiis Register, 

Receive Byte Count Register; 

Receive Frame Status Register; 

Receive Link Status Register; and 

Portions of the Interrupt Source Register. 

The status registers are organized to group status 
information according to type. This is important since 
this is the way that the software interrupt handling 45 
routines will tend to be organized. For example, status 
information that pertains to the real time condition of 
the communications link is reported separately &om 
Information specific to a particular received frame of 
data. In genera^ the software is interested in the status 
of packets, not portions of packets— this is the key, the 
DLC reports status to the user only after the packet has 
been moved from the IDPC into external RAM. Tradi- 
tionally, the user was involved in either the status of 



Address 



40 



50 



data on a character by character or several character at 
a time basis, not on a packet at a time basis. This status 
structure is unique, to the IDPC. 

The bits inside the various status registers are orga- 
nized with the most probable condition m the LSB 
position and the least probable condition in the MSB 
position. This reduces the software overhead in identi- 
fying a given condition. Further, the most likely status 
conditions (and the identification of the address associ* 
ated with the packet in question) arc reported in the 
Interrupt Source Register. This is the first register that 
a user will read after receiving an mterrupt Under all 
normal conditions, the user need access no other regis-- 
ter to identify the status of ihc DLC. 

FIFO data registers— These are the registers that the 
user reads or writes to move data to and from the DLC 
(FIFOs). 

Interrupt identification register — The Interrupt 
Source Register contains three bit fields, the packet 
address identification field, the valid packet field, and 
the hiterrupt source field. The first two fields were 
discussed above. The interrupt source fidd has one bit 
for each of the status registers. When this bit is set, the 
associated register contains the interrupting condition. 
In this manner, the user can efficiently locate the cause 
of the interrupt. 

By way of example; To identify that a valid packet 
has been received, ^e IDPC requires only a read to the 
Interrupt Source REgister, and a shift right and test 
instruction— a total of two instructions. If a less opti- . 
mum organization were used, as many as 17 instruc- 
tions could have been required. 

Interrupt enable registers— These registers are bit- 
for-bit matchs of the status registers. This provides a 
user friendly organization for interrupt enabling. Extra 
regbters are required by this scheme, but the result is 
clearer for the user. 

Table n lists the 12 user-accessible status and control 
registers in the UART 54 plus a 128 bit bit-map, ad- 
dressed as 16, 8 bit registers corresponding to the ran- 
dom access memory 413 of the Paroty, Special Charac- 
ter, Frame, Break Checker 412. The UART registers 
are mapped into a 31 byte space. The two baud rate 
divisor registers overlap the FIFO Data Registers and 
the Interrupt Enable Register Addresses. Access is 
gahied by setting the Divisor Latch Access Bit (DLAB) 
in the Line Control Register. The base address of the 31 
byte block is indicated in the memory map presented 
earlier. 

TABLE 11 ^_ 

UART 54 Status and Control Regi»tew 
Register Name Type 



0 DLAB « 0* RECEIVB FIFO DATA REGISTER Read 

0 DLAB - 0* TRANSMIT FIFO DATA REGISTER WRITE 

0 DLAB « !• BAUD RATE DIVISOR LSB READ/WRITE 

1 DLAB a 0* INTERRUPT ENABLE READ/WRTTE 
1 DLAB s 1* BAUD RATE DIVISOR MSB READ/WRITB 

INTERRUPT IDENTIFICATION READ 

LINE CONTROL READ/WRTTE 

MODEM CONTROL READ/WRITE 

LINE STATUS READ 

MODEM STATUS READ 

UART STATUS READ 

UART CONTROL READ/WRTTE 
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TABLE n-continued 



UART 54 Status and Control Registers 
Addms Register Name Type 

'• 531 EIGHT BIT SPECIAL 

CHARACTER BIT MAP RBGISTERS READ/WRTTE 

*DLAB bit is defined above. 



Appendix B contains a description of the UART 
status and control registexs listed in Table II. 

UART registers— The UART registers are identical 
to those defined in the 8250, with the exception of the 
bits required to control and report status on the features 
added to the 8250 (special character recognition, FIFOs 
synchronous operation, etc.). The trick here is to be 
exactly compatible with the S250, while providing the 
new capabilities cleanly. The UART Status, and UART 
Control registers are new to the basic 8250. Additional 
bits have been added to unused positions in existing 
8250 registers (identified in the UART register section 
of the FPS). The positions of these added bits is impor- 
tant to direct the mtemipt source identification process 
in a logical manner. 

The DFTC S6 contains one user-accessible register. 
This register is used by the local processor 18 to control 
the generation and clearing of semaphore interrupts 
between the local processor 18 and the host processor. 
This DPTC register is described hereinabove in con- 
nection with FIO. 26. The DPTC register (Semaphore 
Register 596) is mapped into address 63 dedmaL 

APPENDIX A 

DLC 52 Status/Control Registers (112,212) 

COMMAND/CONTROL REGISTER is an eight- 
bit register. All bits in this register are set and cleared by 
software except when initialized to defaidt values as a 
result of DLC Reset as described hereinbelow or IDPC 
Reset Pin as described hereinbelow. This register can be 
written to and read from by the microprocessor 18. 

DLC COMMAND/CONTROL REGISTER 

I' I; I ' I; I ■ I', I ■ l» I 

DLC CRC Recv. Send 

Reset Check Enable Abort 

Enable 

PCS CRC Flag/Mark Tiansmit 

Fas9- Oen. Idle Enable 

thzoagh Enable 
Enable 

Bit 0 Send Abort (Defoult=0) 

When this bit is set to ONE, the following actions 
result immediately and persist until the bit is cleared to 
ZERO: 

(a) DLC transmitter Flag/ Abort Insertion Unit 134 
(FIG. 7B) transmits Abort characters (bit pattern 
01111111 (LSB on right)). 

If the user via microprocessor 18 sets and clears this 
bit on two successive writes the DLC will transmit one 
"Abort" character. 

(b) Clear tiie DLC Transmit FIFO 100 (FIG. 4). 

(c) Qear tiie DLC Transmit Byte Counter 154 (FIG. 
5). 



10 (d) Qear the DLC Transmit Byte Count Register 152 . 
(HG, 5). 

Bit 1 Transmitter Enable (DefaultsO) 

When set to ONE, this bit allows data from the DLC 
52 to be shifted out to SBOUT (FIG. 8) under control of 
13 tiie SCLK or SFS/XMITCLK. When tiiis bit is cleared 
to ZERO, the SBOUT pin is placed in a three-state 
condition. When this bit is cleared to ZERO and the 
DLC transmitter is 'Tn-frame** (state 1 (302) of FIG. 
2Q 19), i.e., transmitting data, the DLC waits until the 
current frame is complete (i.e., DLC transmitter out of 
frame) before disabling the SBOUT phi. 

Bit 2 Receiver Enable (Default=0) 

This bit, when set to ONE, allows data from the 
23 SBIN pm to be clocked into the Serial Bus Port (SBF) 
portion 104 of the DLC 52. When cleared to ZERO, 
this bit blocks the receipt of any data mto the SBP 
portion of the DLC. If tiiis bit is cleared while the DLC 
receiver is In-frame, the DLC 52 will wait for the frame 
currently being received to terminate in an orderly 
fashion (i.e., Closing Flag received or terminating error 
occurs) before disconnecting. 

Bit 3 Flag Idle-Mark Idle/ (Defauh=0) 
35 This bit, when set to ONE, causes the DLC 102 trans- 
mitter to continuously transmit the Flag Idle pattern 
when not In-frame. When cleared to 2^ER0. this bit 
causes the DLC transmitter to continuously transmit 
the Mark Idle pattern when not In-frame. 
^ Bit 4 CRC Check Enable (Default = 1) 

When set to ONE, this bit allows the output of the 
CRC Check result generated by CRC checker 222 to be 
transferred to the CRC Error bit (bit 2) in the Receive 
45 Frame Status Register. When this bit is cleared to 
ZERO, the CRC Error bit in the Receive Frame Status 
Register is never set. 

Bit 5 CRC Generate Enable (Default= 1) 

When set to ONE, this bit causes the transmit CRC 
generated by CRC generator 120 (which is always 
being calculated) to be transmitted following transmis- 
sion of tiie byte tagged as End-of-Frame (EOF) in the 
DLC Transmit FIFO 100 (FIG. 4). When tiiis bit is 
55 cleared to ZERO, a Qosing Flag is generated by 
FLAG, ABORT INSERTION generator 134 and 
transmitted immediately following the byte tagged as 
EOF, and the FCS is not sent. 

Bit 6 DLC Reset (Default =0) 
^ This bit, when set to ONE, resets tiie DLC FIFOs 
100 and 106 and DLC 52 and SBP 104 logic. All latches, 
status and control bits m the DLC status and control 
registers 112, 212 are forced to their default values. 
55 Bit 7 FCS Pass-through Enable (Default=0) 

When set to ONE, this bit allows the FCS bytes to be 
loaded into the FIFO 106 as data (receive side). When 
cleared to ZERO, the FCS is discarded. 
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DLC ADDRESS CONTROL REGISTER is an 

eight*bit register. All bits in this register are set and 
cleared by software except when initialized to default 
values as a result of the DLC Reset described in connec- 
tion with DLC Command/Control Register or IDPC 
Reset Pin. This register can be written and read by the 
micraprocessor 18. When all Link Address Enable bits 
(bits 0-3) and the Broadcast l^ble bit (bit 4) are 



7 specifies whether the first or second byte is the one 
that is compared. 
Bit 6 C/R Address Enable (Default=0) 
At least one of the bits (M in this register must be set 
to ONE for this bit to have any effect on DLC opera- 
tion. Given that, if this bit is cleared to ZERO, then bit 
1 of the first address byte of each received frame will be 
ignored for the purposes of address recognition by 



cleared to ZERO, the DLC will perform no address 10 clock 226. If this bit is set to ONE, then bit 1 of the first 



detection and pass all received frame bytes (assuming 
more than two firame bytes are received) to the DLC 
Receive FIFO 106 (FIO. 10). In this case, bits 5, 6 and 
7 of this register are ignored. 

If one or more of bits 0-4 are set to one, then a suc- 
cessful Unk address compare described in connection 
with Address Detection Unit 226 (FIG. 16) must occur 
before any frame bytes can be transferred to the DLC 
Receive FIFO 106. 

DLC ADDRESS CONTROL REGISTER 



IS 



C/K 
Addr. 



First/ 
Second 
byte 
election 



Broadcast 
Address 
Enable 
Address 



Address 
Reg. 2 
Enable 



Address 
Reg. 3 
Enable 



Address 
Reg. 0 
Enable 



Address 

Reg.1 

Enable 



Bit 0 Link Address 0 Enable (Default = 0) 
Bit 1 Link Address 1 Enable (Default = 0) 
Bit 2 Link Address 2 Enable (Default » (Q 
Bit 3 Link Address 3 Enable (Default » 0) 
When set to ONE, bits 0 through 3 enable compari- 
son of a received frame address with the contents of 
DLC Link Address Recognition Register 0 through 3» 
respectively, of blocks 278, 280, 282 and 284 (FIG, 17). 
The contents of a given Link Address Recognition 
Register should have been written by software before 
software sets the corresponding Link Address Enable 
bit in this register. The comparison of a received frame 45 
address with the contents of all enabled Address Recog- 
nition Registers is conditioned by bits 5 and 6 of this 
register as described hereinbelow. 
Bit 4 Broadcast Address Enable (Default « 1) 
When set to ONE, this bit enables comparison by 
comparators of blocks 278, 280, 282 and 284 of a re* 
ceived firame address with an all I's address. The com- 
parison is conditioned by bits 5 and 6 of this register as 
described hereinbelow. When cleared to ZERO along 55 
with bits 0-3 of this register, the DLC performs no 
address detection. If cleared to ZERO and one or more 
bits of 0-3 are set to ONE, then the all I's pattern ad- 
dress is ignored. 
Bit 5 Address size 1-2 (De£ault=0) 
At least one of the bits 0-4 in this register must be set 
to ONE for this bit to have any effect on DLC opera- 
tion. Given that, if this bit is cleared to ZERO, two 
frame address bytes must compare for address recogni- 
tion to occur in block 226. If this bit is set to ONE, only 
the first frame address byte must compare for address 
recognition to occur by address detection unit 226. Bit 



received frame address byte must compare successfully 
along with the other address bits for address recogni- 
tion to occur by address detection unit 226. 
Bit 7 First/Second Byte Selection (Default^O) 
This bit only has effect when one-byte addressing is 
selected when set to ONE the address recognition block 
226 exammes only the second byte of the address, i.e., 
the first eight bits are don't care. When cleared to 
20 ZERO, only the first byte is examined. 

LINK ADDRESS RECOGNITION REGISTERS 
withhi blocks 278, 280, 282 and 284 (FIG. 17). 
Link Address Recognition Regbter 0 (278) pefault- 
=Hex 0000) 

Link Address Recognition Register 1 (280) (Default- 
«Hex 0000) 

Link Address Recognition Register 2 (282) (Default- 
«HexO00O) 

Link Address Recognition Register 3 (284) (Default- 
=Hex 0000) 

All bits in these registers are set and cleared by soft* 
ware except when initialized to default values as a result 
of DLC Reset or IDPC Reset pin. These registers can 
35 be written and read by the local microprocessor 18. 
Link address recognition, is defined in connection 
with FIG. 17. Each of these four registers has a corre- 
sponding enable bit (bits 0-3) in the DLC Address Con- 
^ trol Register. If the corresponding enable bit is set, a 
given Lmk Address Recognition Register is condi- 
tioned by bits 5 and 6 of DLC Address Control Register 
as described hereinabove. 

SERIAL BUS Port (SBP) CONTROL REGISTER 
is an eight-bit register. All bits in this register are set and 
cleared by software except when initialized to default 
values as a result of DLC Reset or IDPC Reset Pin. 
This register can be written and read by the local micro- 
processor 18. 



25 



30 



50 



SERIAL BUS PORT CONTROL REGISTER 



60 



Remote 
Loopback 
Enable 

Local. 
Loopback 
Enable 



I I I 



Invert 



Channel 
Select 



65 



Bit 0 Invert (Default =0) 

When this bit is set to ONE, the transmitted serial bit 
stream is inverted by XOR 200 (FIG. 8) as the last step 
following all other DLC transmitter processing but 
before SBP channel multiplexing (block 196) (see bits 
1-2 below). The one exception to this rule is when the 
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DLC transmitter is transmittmg the Mark Idle data 
pattern; in this case, no inversion is performed because 
Mark Idle is inserted by OR 202 past the inverter 200. 

When this bit is set to ONE» Uie received serial bit 
stream is inverted by XOR 238 (FIG. 11) as the fust step 
following de-multiplexing (block 232) (see bits 1-2 be- 
low) and Mark Idle detection. If Mark Idle is detected, 
inversion continues to take place but no data enters the 
DLC receiver Serial to Parallel Shift Register 212. 

If this bit is cleared to ZERO, no data inversion takes 
place in either the transmit or receive direction. 

Bits 1--5 Channel Select (Default =00000) 

Select SBP time slot for multiplexing transmitted 
serial bit stream by time slot multiplexer 196 and de- 
multiplexing received serial bit stream by time-slot de- 
multiplexer 232. 
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received by the DLC without generating a "Short 
Frame" error in the Receive Frame Status Register. 

At the time that the Short Frame Interrupt is gener- 
ated, the contents of the Receive Byte Count Register 
reflects the number of bytes in the Short Frame. 





Value 


Count 


10 


I 


0001 








15 


ini 




16 


0000 



Bit 54321 


Selection 


00000 


Channel 0 (Bd)* 


00001 


Channel 1 (Be)* 


OOOIO 


Channel 2 (BQ* 


iiilo 


Channel 30 


IIIU 


Non-multiplexed — single channel 




with recover clocked by SCLK |nn and 




trammitter clocked by SFS/XMTT Clock 




pin. 



15 



20 



MINIMUM RECEIVE PACKET SIZE REGISTER 



I I I I I I 



Not Used 



I 

Minimum 

Packet 

Size 



25 



35 



40 



For all bit lettbisi except noiMnultiplaxed, both receiver lad tcaaimitter are 30 
docked by SCLK pie. 

* B lemlflotogy employed in dw eron-rcfereiiGed appficatioa eadtlcd "Digital 
Sriacnber Cooiroller" 

Bit 6 Local Loopback Enable (Default :»0) 
When set to ONE this bit causes the transmit data 
path (SBOUT) to be connected internally to the receive 
data path (SBIN). The selected transmit clock (either 
the SCLK or the SFS/XMITCLK clock) is used for 
both the transmit and receive dock. The Local Loop- 
back mode, when selected, operates regardless of the 
setting of the Transmit Enable and Receive Enable bits 
(bits 1 and 2 of the Command/Control Register). Set- 
ting of this bit to a ONE also prevents data from being 
placed on the SBODT pin or incoming data (from 45 
SBIN) from being received. Clearing this bit to a 
ZERO disables Local Loopback. 
Bit 7 Remote Loopback Enable (Default^^O) 
This bit when set to ONE, connects the SBIN pin to 
the SBOUT pin. Incoming data is therefore presented 
immediately to SBOUT as transmit data. In this mode 
the appropriate receive clock is the SCLK. Receive 
data may be presented to the DLC receive logic or not 
depending upon the setting of Receive Enable. Data 5s 
from the transmit logic is prevented from being sent out 
on SBOUT while in this mode. Clearing of this bit to 
ZERO disables Remote Loopback. 

MINIMUM RECEIVE PACKET SIZE REGIS- 
TER is an eight-bit register (264) FIG. 15. Default- ^ 
sHex 5. Bits 0-3 of this register are set and cleared by 
software except when initialized to the default value of 
5 as a result of DLC Reset or IDPC Reset pin. Bits 4-7 
are not used. This register can be written and read by 
the local microprocessor 18. 

This register mdicates the mifiimiim length packet 
(exclusive of Opening and Closing Flags) that can be 



MAXIMUM RECEIVE PACKET SIZE REGIS- 
TER is a 16-bit register. Defaolt^Hex 0000. 

The 16 bits of this register are set and cleared by 
software except when initialized to the default value as 
a result of DLC Reset or IDPC Reset pin. This register 
can be written and read by the local microprocessor 18. 

This register indicates the maximum length packet 
(exclusive of Opening and Closing Flags) that can be 
received by the DLC without generating a "Long 
Frame" error in the Receive Frame Status Register. As 
each packet byte is received, the contents of the Maxi- 
mum Receive Packet Size Register are compared with 
the Receive Byte Counter 292 (FIG. 18). If the maxi- 
mum packet size is exceeded in the Receive Byte 
Counter, a "Long Frame" error is generated in the 
Receive Frame Status Register. At this pomt. the re- 
ceived byte that caused the Receive Byte Counter 292 
to exceed the maximum length is tagged as the End-of- 
Frame (EOF) byte and the DLC receiver enters re- 
ceiver state 0 (Hunt for Flag). 



Value 



50 



Count 



OOOOOOOOOOOOOOOl 



6S.53SK iiminiiiulu 



MAXIMUM RECEIVE PACKET SIZE REGOTER 



least- 
signifi 
byte 



SI 

byte 







■ 




> 
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DLC INTERRUPT ENABLE REGISTERS 



65 



Interrupt Source Intexrupt Enable Pefoult » Hex 0000) 

Register 

Receive Frame Interrupt Enable Register (Default « Hex 0000) 
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Receive Link Interrupt Enable Register 
FIFO Statm Intermpt Enable Register 



(Default » Hex 0000) 
(Default Hex 0000) 



15 



20 



25 



All bits in these registers are set and cleared by soft- 
ware except when initialized to default valaes as a result 
of DLC Reset or IDFC Reset Pin. These registers can 
be written and read by the local microprocessor 18. 

The last three enable registers are bit-for-bit images of 
the corresponding Receive Frame Status Register, Re- 
ceive Link Status Register, and FIFO Status Register, 
respectively, described hereinbelow. The Interrupt 
Source Interrupt Enable Register is an unage of the 
corresponding Interrupt Source Register described 
hereinbelow except for bits 0-2, which have no inter- 
rupts associated with then^ 

The last three enable registers form the lower level of 
a two-level interrupt enable mechanism used for the 
corresponding three status registers. The three bits in 
the Biterrupt Source Interrupt Enable Register that 
correspond to these three status registers from the 
higher level of the two-level enable mechanism. For 
eicample, in order for the Short Frame error interrupt to 
be enabled, the Short Frame bit must be set to one in the 
Receive Frame Interrupt Enable Register (lower-level 
enable) AND the Receive Frame Status bit must be set 
to one in the Interrupt Source Interrupt Enable Register 30 
(higher-level enable); 

When an event occurs that causes abit to be set m one 
of the three status registers (reference the descriptions 
of the three status registers) and both levels of status 
interrupt enable are set to ONE, the DLC interrupt is 
generated and the bit for that register is set to ONE in 
the DLC Interrupt Source Register. If the status regis- 
ter bit is set to ONE and either interrupt enable level is 
not enabled, no interrupt is generated and the Interrupt 
Source Register bit for that status register is not set to 
ONE. *The Transmit Threshold Reached mterrupt 
described m connection with FIG. 5 (bit 2 m the FIFO 
Status and Enable Registers) described herehibelow, 
differs in the foDowing way. The threshold reached bit 45 
reflects the actual real time condition of the FIFO 
(above, equal to or below the threshold). The mterrupt, 
however, is generated only when the level in the FIFO 
falls to the threshold level. This prevents the generation 
of an interrupt when the FIFO is empty because the 
transmitter is not m use. 

A software read of any of the three status registers 
clears the status register to ZERO and clears the inter- 
rupt condition caused by bits being set to ONE in that 55 
status register. A DLC Reset or activation of the IDPC 
Reset Pin also has this effect. 

In contrast to the interrupt enable mechanism used 
for the three status registers, the Valid Packet Received 
and Valid Packet Sent bits in the Interrupt Source Reg- ^ 
ister can generate an interrupt through a single level 
interrupt enable mechanism. When an event occurs that 
causes either of these bits to be set in the Interrupt 
Source Register, if the corresponding Interrupt Source 55 
Interrupt Enable Register bit has been set to one, the 
DLC interrupt is generated. When either of these two 
Interrupt Source Register bits b set to one and the cor- 



responding interrupt enable register bit is not set to one, 
no interrupt is generated. 

INTERRUPT SOURCE INTERRUPT ENABLE REGISTER 



35 



40 



SO 



I 

Enable 

Rficv. 

Unlc 

Status 

I&temi(^ 

Enable 
FIFO 
Status 
Intermpt 



Eoftble 
Rccv. 
Frame 
Interrupt 



Enable 
Valid 
Packet 
Sent 

. Interrupt 



Enable 
VaUd 
Packet 
Received 
Interrupt 



Not 
Used 



RECEIVE FRAME lOTERRUPT ENABLE REGISTER 



7 



I 

Not 
Used 



Enable 
Long 
Frame 
Error 
Interrupt 
Enable Enable 
Ovemm Short 
Errw Frame 
Intermpt Error 

Intermpt 



Enable 
CRC 
Error 
Intermpt 



Enable 
Abort 
Recvd 
Intermpt 



Enable 
Non-Integer 
# Bytes 
Recvd 
Intermpt 



RECEIVE LINK INTERRUPT ENABLE REGISTER 



I I 



Not 
Used 



I 

Enable 

In-Frame 

Intermpt 



Enable 
Mark Idle 
Recvd Interrupt 



Enable Flag Idle 
Recvd Interrupt 

FIFO STATUS INTERRUPT ENABLE REGISTER 



I 

Enable 
Recvd. 
Threshold 
Reached 
Interrupt 
Enable Recvd 
FIFO DATA 
Available 
Interrupt 



I I 

Notlfeed 



1; 1' 


' '1 ' ' 


Enable 


Enable. 


Transmit 


Transmit 


UndeiTua 


Threshold 


Intermpt 


Reached 




Intermpt 



EOF in 
Receive 
FIFO 
-Intermpt 



Enable 
XMTF 
Bufifer, 
Available 
Intermpt 



TRANSMIT BYTE COUNT REGISTER (152) is a 
16-bit register. 
DefaultssO 

Bits 0-15 of this register are set and cleared by soft- 
ware except when initialized to the default value as a 
result of DLC Reset, IDPC Reset Pin or when an Abort 
is issued by Flag/Abort Insertion Unit 134 and con- 
ducted via signal line 164 (FIG. 5). This register can be 
written or read by the local processor IS. 

Software writes this register with the count of bytes 
to be transmitted in each firame. NOT including Open- 
ing Flag, Qosing Flag, and FCS (CRC) bytes. Software 
only writes this register when the count of bytes to. be 
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transmitted is different from the count currently in this 
register. 

The contents of this register are transferred to the 
Transmit Byte Counter 154 (FIG. 5) whenever soft* 
ware writes this register (if the transmitter is out-of- 
frame) or when an End-of-Framc (EOF) tagged byte is 
loaded from the transmit FIFO 100 into the Parallel to 
Serial Shift Register 110. If software is writing this 
register when the EOF-tagged byte is loaded, the trans- 
fer to the Transmit Byte Counter is delayed until the 
software write is complete. 



Value 


Count 


I 

65.535K 
65.536K 


OOOOOOOQOOOOOOOl 


uuininunu 

0000000000000000 



TRANSMrr BYTE COUNT REGISTER 



least- 



byte 

most- 
significant 
byte 



1' 




' 1' 




• 1 


•1 


I" 


"I" 






• 


8 1 



III 



Receive 
Threshold 



I I I I 

Tfansmit 
Thieshold 



Bits 0-3 Transmit FIFO Threshold (Dcfault=Hex 8) 
As each byte of a packet being transmitted is trans- 
ferred to the DLC transmitter Parallel to Serial Shift 
Register 110, the contents of the Transmit FIFO 
Threshold bit field are compared by threshold compari* 
son logic 185 with the count of bytes still present m the 
transmit FIFO 150. The results of this comparison and 
their effect on Transmit Threshold Reached are dis- 
cussed hereinbeiow in connection with FIFO Status 
Register. 

The Transmit Threshold Reached signal is also used 
to condition the DLC transmit DMA Data Request 
signal. 



10 



25 



FIFO THRESHOLD REGISTER is an eight-bit 
register. The S bits of this register are set and cleared by 
software except when initialized to the default value as 
a result of DLC Reset or IDPC Reset. This register can 
be written or read by the processor 18. 

FIFO THRESHOLD REGISTER 



30 



35 



40 



45 



VALUE 


COUNT 




0 


0000 


60 


15 


nil 





Bits 4-7 Receive FIFO Threshold (Default=Hex 8) 
As each byte of a packet being received is transferred 
from the DLC receiver Serial to Parallel Shift Register 
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212 to the Receive FIFO 106, the contents of the Re- 
ceive FIFO Threshold bit field are compared with the 
count of bytes still present in the Receive FIFO by 
block 296 (FIG. 18), The results of this comparison and 
their effect on Receive Threshold Reached are dis- 
cussed in detail in hereinbeiow in connection with the 
FIFO Status Register. 

The receive FIFO threshold block 296 counts by two 
instead of by one, as in the Transmit FIFO threshold. 
This is because the receive FIFO is 32 bytes deep, while 
the threshold bit field in the threshold register is only 
four bits long. 



15 



20 



VALUE 


COUNT 


2 


0001 


30 


lUl 


32 


0000 



INTERRUPT SOURCE REGISTER (620) is an 
eight-bit register. The Interrupt Source Register con- 
tains the status information most important to the user 
during normal operation. The intent of this register is to 
narrow down what caused a DLC interrupt in as few 
steps as possflsle. This register is a read only register. 

This register is initialized to the default value shown 
below for each individual bit and bit field as a result of 
DLC Reset or IDPC Reset Pin. 

Note: Bit 3 and Bit 5 are a special case of the four 
stage status reporting mechanism described in connec- 
tion with FIG. 27. These two bits do not need to be 
unplemented in Stages 1* 2j and 3; instead, they can be 
generated in Stage 4 from other Stage 4 bits as follows: 

Bit 5 (Receive Frame Status) can be updated by DLC 
hardware as the logical OR of the six bits of the Stage 
4 Receive Frame Status Register described herdnbe- 
low. Bit 3 (Valid Packet Received) can be updated as 
the logical NOT of bit 5 at the same time bit 5 is up- 
dated. 

INTERRUPT SOURCE REGISTER 
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55 



7 
I 

Rccv 
Link 
Status 



FIFO 
Status 



Recv 

Frame 

Status 



I I 



Valid 
Packet 
Recvd. 
VaM 

PackeSent 



Recv Link 
Address Field 



Bits 0^2 Receive Lmk Address Field (Default=110 
with LSB=0) 

The Receive Link Address bit field is determined by 
DLC, address detection miit 226 whenever a frame is 
received (with or without errors). This bit field is one of 
the miique Four Stage Status Registers and Bit Field 
entities described in connection with FIG. 27. 

This bit field is Stage 4 hardware and is therefore 
loaded (except during DLC Reset or IDPC Reset) only 
when both of the following events have occurred: 
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Bit 
1 


0 


Meuung 


0 


0 


0 


Contests of Link Address Register 0 recognized 


0 


0 


1 


Contents.of Link Address Register 1 recognized 


0 


1 


0 


Cocteats of Link Address Register 2 recognized 


0 


1 


I 


Contents of Link Address Register 3 recognized 


1 


0 


0 


Broadcast Link Address (all Ts) recognized 


I 


0 


1 


Notosed 


I 


1 


0 


Default Value — No Packet received 


1 


1 


1 


Packet received with no address recognitioa 








enabled (t.e,, bits 0-4 of OLC Address Control 








Register all cleaxed to zero) 
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(1) Stage 4 b cleared by software read of this Inter- Tliis bit is cleared to ZERO when the FIFO Status 
nipt Source Register and Register is read by software, DLC Reset executed, or 

(2) The Endof-Frame (EOF) tagged byte is read IDFC Reset pin activated. 

from the receive FIFO 290 (by DMA or software). ^ Bit 7 Received Link Status (Default=0) 

The ft)llowing table indicates which value is loaded This bit is set to one when any bit in the Receive Link 
mto the Receive Link Address bit field as Stage 3 status Status Register described hereinbelow is set with 
is being loaded mto Stage 4: BOTH the corresponding bit set in the Receive Link 

Interrupt Enable Register AND the Receive Link Sta* 
10 tus bit set in the Interrupt Source Interrupt Enable 
Register. 

This bit is cleared to ZERO when the Receive Link 
Status Register is read by software, DLC Reset exe- 
cttted, or IDFC Reset pui activated. 

RECEIVE BYTE COUNT REGISTER (25W) is a 
16-bit register. Default =0 

This 16 bit register indicates the number of bytes 
received in a packet (Le., between but not including 
20 Opening and Clodng Flags) whether the packet was 
received in error or not. The receive byte counter 292 is 
The Receive Lmk Address Wt field is reset to its incremented when a byte of data is placed faito the 
default value when DLC Reset is executed or the IDPC receive FIFO 290. The Receive Byte Counter register 
Reset pin is activated. 25 ^ unique Four Stage Status Registers and Bit 

Bit 3 Valid Packet Received (Default=0) ^^^^^ entities described in connection with FIG. 27. 

The Valid Packet Received bit is set to ONE by the register is a Stage 4 register and is therefore loaded 

Receive FIFO 106 when the End-of-Frame (EOF) with a valid byte count only when both of the following 
tagged byte is read from the Receive FIFO Data Regis- events have occurred: 

tcr 298 (i.e., all packet bytes transferred to memory) and ^0 (1) Stage 4 is cleared by a software read of this Re- 
none of the receive errors described in connection with ^^^^^ Register and 

FIG. 20 has been detected for that packet. Thb bit is (2) The End-of-Frame (EOF) tagged byte is read 
gated when Stage 3 status is actually transferred to ^^^^ receive FIFO 290 (by DMA or software). 
Stage 4 of the Four Stage Receive Status Registers and 35 ™* register is reset to its default value of 0 when 
Bit Held. DLC Reset is executed or the IDPC Reset pin is acti- 

This bit is cleared to ZERO when this register is read ^ated. This register is a read only register from the local 
by software, DLC Reset executed, or IDPC Reset pin processor 18. 
activated. 

Bit 4 Valid Packet Sent (Default=0) ^ RECEIVE BYTE COUNT REGISTER 

This bit is set to ONE when the last bit before the IT*!^, 
Closing Flag has been transmitted by the DLC trans* 
mitter 102 0.e., Transmit Byte Counter»0 and no Un- 
deniin and transmitter Out of Frame). ^* | _ I I | 1 | — I 1 | 

This bit is cleared to ZERO when this register is read ^^'\ « | " " I " ' 1' I 

by software, DLC Reset executed or IDPC Reset pm 

activated. RECEIVE FRAME STATUS REGISTER is an 

Bit 5 Receive Frame Status (Default =0) eight-bit register. The bits of this register are set to 

This bit is set to ONE when any bit m the Receive 50 qnE as described below. Bits 6 and 7 are not used. This 
Frame Status Register M described hereinbelow is set register is a read only register for local processor 18. 
and BOTH the corresponding bit set m the Receive The settmg of any bit in the Receive Frame Status 
Frame Interrupt Enable Register AND the Receive register will set bit 5 of the Interrupt Source Register if 
Frame Status bit set in the Interrupt Source Interrupt 55 the corresponding enable bit is set in the Receive Frame 
Enable Register. Interrupt Enable Register and the Receive Frame Sta- 

This bit is gated when Stoge 3 status is actually trans- tus bit is set m the Interrupt Source Interrupt Enable 
fened to Stage 4 as shown in FIG. 27. Register as described herembelow in connection with 

This bit is cleared to ZERO when the Receive Frame the Internet Spurce Register 620. 
Status Register is read by software, DLC Reset exe- ^ The bits of the Receive Frame Status register are all 
cuted, or IDPC pin b activated. cleared to ZERO (default bit settings) when DLC Reset 

Bit 6 FIFO Status (Default=0) is executed, the IDPC Reset pin is activated or the 

This bit is set to one when any bit in the FIFO Status register is read and the hardware condition that set the 
Register described hereinbelow is set with BOTH the 55 bit no longer exists. 

corresponding bit set in the FIFO Status Interrupt En- The register indicates which error or exception con- 
able Register AND the FIFO Status bit is set in the dition has occurred during the reception of a ft-ame. 
Interrupt Source Interrupt Enable Register. This register b one of the unique "Four Stage Status 
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Registers and Bit Field" entities described in connection 
with FIG. 27. This register is a Stage 4 register and is 
therefore loaded (except during DLC Reset or IDPC 
Reset) only when both of the following events have 
occarred: 

1. Stage 4 is cleared by software read of this Receive 
Frame Status Register and 

2. The End-of-Frame (EOF) tagged byte is read from 
the receive FIFO 290 (by DMA or software). 

The Receive Frame Intermpt Enable Register is a 
bit-for-bit image of the Receive Frame Status register. 

RECEIVE FRAME STATUS REGISTER 



10 



Not 
Used 



Long 
Frame 
Error 
Ovemm Short 
Error Frame 
Error 



CRC 
Ercw 



Abort 
Recvd 



Nott-Iotcrger 
# Bytes Recvd 



15 



20 



The setting of a bit in the Receive Frame Status regis- 
ter is established at Stage 1 and propagates through to 
this Stage 4 register. The table below indicates the pre- 
cedence of the various errors and exception conditions 
flagged by this register, listed in descending order of 
precedence: 



25 



30 



Bit 


Nune 


0 


Abort Received 


5 


Overrun 


3 


Short Frame 


4 


Long Frame 


1 


Non-Integer Nomber of Bytes 


2 


CRC Error 



Bit 3 Short Frame Error (Default=0) 

This bit is set to ONE as a result off the DLC receiver 
detecting a Short Frame error by short frame byte 
counter 260. 

Bit 4 Long Frame Error (Default =0) 

This bit is set to ONE as a result of the DLC receiver 
detecting a Long Frame error by the Receive Byte 
Counter 292 in conjunction with the Maximum Receive 
Packet Size REgister described hereinabove. 

Bit 5 Ovemm Error (Default=0) 

This bit is set to ONE as a result of the DLC receive 
FIFO 290 detecting an Overrun condition described in 
connection with FIG. 16, Le., the receive FIFO 290 
contains 16 bytes when received data needs to move 
into the FIFO from the Serial to Parallel Shift Register. 

RECEIVE LINK STATUS REGISTER. Each of 
the bits in this register are individually set to ONE or 
cleared to ZERO by the DLC to indicate the real-time 
state of the various status conditions they represent. Bits 
3-7 are not used. Setting any bit in this register will set 
bit 7 of the Interrupt Source Register if the correspond- 
ing enable bit is set in the Receive Link Enable Register 
and the Receive Link Status bit is set m the Interrupt 
Source Interrupt Enable Register. Upon completion of 
the DLC Reset or IDPC Reset, the bits in the Receive 
Link Status register will be set/cleared to their default 
condition as a result of the Resetting of the portion of 
the DLC that they monitor 

The Receive Link Interrupt Enable Register de- 
scribed hereinabove is a bit-for-bit image of this register. 



35 



RECEIVE LINK STATUS REGISTER 



If, following a read to the Interrupt Source Register, ^ 
the Receive Frame Status Register is not read, and it is 
not normally read for a valid packet, before the LSB of 
the Receive Byte Count Register, reading the Receive 
Byte Counter Register will clear the Receive Frame 45 
Synchronization Register. This maintains synchroniza* 
tion of the register stack, ie^ stages 1-4. 

Bit 0 Abort Received (Default=:0) 

This bit is set to ONE in Stage 1 (and eventually 
propagated to Stage 4) as a result of the DLC receiver 
Abort Detector 214 detecting an Abort character (7 
ones while In-frame) while the DLC receiver is In- 
Frame and at least 3 bytes have been received. 

Bit 1 Non-Integer Number of Bytes Received Pe- 
fault«0) 

This bit is set to ONE as a result of the DLC receiver 
Flag Detector 214 detecting a Closing Flag character 
with at least 3 bytes received when a non-integer num- 



Not 
Used 



III 



In-Frame 



Mark Idle 
Recvd. 
Hag Idle 
Recvd. 



Bit 0 Mark Idle (Defauit^O) 
This bit is set to ONE when the DLC receiver Mark 
Idle Detector senses a Mark Idle data pattern (IS ones). 
This bit is cleared to 0 when the first 0 bit is detected on 
the receive data link. 
Bit 1 Flag Idle (Default =0) 
This bit is set to ONE when the DLC receiver Flag- 
/Abort Detector 214 senses two or more Flag charac- 
ten when not In^firame. It is cleared to ZERO when the 
first non-Flag character is detected by block 214. 
Bit 2 In-Frame (Default »0) 
This bit is set to ONE when the Flag/Abort Detec- 
tion Unit 214 of the DLC receiver 108 detects an Open- 
ing Flag followed by a non-Flag, non- Abort character, 
bcr of bytes has been received in a non-Short Frame ^ This bit is cleared upon receipt of a Closing Rag (Flag 



53 



(i.e., at least one but less than eight bits were received 
after Zero Bit Deletion in the byte immediately preced- 
ing the Closing Flag). 

Bit 2 CRC Error (Pefault=0) 

This bit is set to ONE as a result of the DLC CRC 
Checker 222 detecting an error when CRC Check is 
enabled in the DLC Command/Control Register. 



63 



received while In-frame) or any exception condition 
that terminates the frame abnormally. 

HFO STATUS B£GISTER. Each of the bits in the 
FIFO Status register are set to ONE or cleared to 
ZERO by the DLC to indicate the real-time state of the 
various status conditions they represent. Bits 5-7 are not 
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Upon completion of DLC Reset or IDPC Reset pin, 
the bits in this register will be set cleared to their default 
condition as a result of the Resetting of the portion of 
the DLC that they monitor. 

The FIFO Status Interrupt Enable Register de- 
scribed hereinabove is a bit-for-bit image of the FIFO 
Status register. Setting any bit in the FIFO Status regis- 
ter will set bit 6 of the Interrupt Source Register if the 
corresponding enable bit is set in the FIFO Status Inter- 
rupt Register and the FIFO Status bit is set in the Inter- 
rupt Source Interrupt Enable Register. 

FIFO STATUS REGISTER 



I I 
Not Used 



TTT 



TnmsnDt Transmit 
Undcffun Threshold 
Reached 

EOF Tnuumit Recvd. 

In recv FIFO FIFO 

FIFO Duffer Data 

Available Available 



Recvd 
Threshold 
Readied 
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Bit 0 Receive Threshold Reached (Default=0) 
This bit is set to ONE when the number of bytes in 
the DLC receive FIFO 290 becomes greater than or 
equal to the count in the Receive FIFO Threshold bit 
field of the DLC FIFO Threshold Reached Logic 296. 
This Int is cleared to ZERO when the count of bytes in 30 
the receive FIFO becomes less than the Receive FIFO 
Threshold bit field. 
Bit 1 Receive FIFO Data Available (Default=0) 
This bit is set to ONE whenever there is a byte avail- 
able to be read from the DLC Receive FIFO Data 
Register 298 as indicated by the Data Available signal 
generated thereby. This bit is cleared to ZERO when a 
byte is read from the Receive FIFO Data Register 298 
and the FIFO buffer 290 location just above the Data 40 
Register is empty. The bit is cleared when the last byte 
of a packet is read f^om the Receive FIFO 290. It is not 
re-enablcd until the user reads the LSB of the Receive 
Byte Count Register. This provides an indication of 
when the last byte of a packet has been read. 
Bit 2 Transmit Threshold Reached Pefault=0) 
This bit is set to ONE when the number of bytes in 
the DLC transmit FIFO 100 as monitored by Transmit 
Byte Counter 154 becomes less than or equal to the 
count in the Transmit FIFO Threshold bit field of the 
DLC FIFO Threshold Register. This bit is cleared to 
ZERO when the count of bytes in the transmit FIFO 
becomes greater than the Transmit FIFO Threshold bit 
field. 

Bit 3 FIFO Buffer Available (Default = 1) 
This bit is set to ONE whenever the DLC Transmit 
FIFO Data Register is empty (i.e., available to be writ- 
ten). On a write, this bit will remam active if the FIFO 
transmit buffer ISO location directly above the data 
register 160 is empty. The bit is cleared when the last 
byte of a packet is in the FIFO 150 (EOF tag). This 
prevents multiple packets from existing in the FIFO at 
the same time. 
Bit 4 Transmitter Underrun (Default =0) 
This bit is set to ONE if the output location of the 
Transmit FIFO buffer 150 (opposite end of the FIFO 



from the FIFO Data Register 160) is empty when a 
transmitter Parallel to Serial Shift Register 110 load is 
attempted The Transmit Byte Counter 154 is implicitly 
^ nonzero for this load to be attempted. A discussion in 
connection with FIG. 5 is related to the Transmit Byte 
Count Itegister 152. 
Bit 5 EOF In Receive FIFO (Default=0) 
This bitt when set to ONE, indicates that the last byte 
10 of a packet has been loaded into the receive FIFO 290. 
The bit remains set until there are no EOF tags in the 
FIFO 290. 
Bits 6-7 Not Used 4.4.1.15 
15 DLC HFO DATA REGISTERS 

DLC Receive FIFO Data Register 298. 
DLC Transmit FIFO Data Register 160. 
Each of these registers is eight bits long. 
The Receive FIFO Data Register 298 is read by 
20 DMA or software to remove one byte from the Receive 
FIFO 290. 

The Transmit FIFO Data Register 160 is written by 
DMA or software to load one byte to the Transmit 
FIFO 150. 



RECEIVE npO DATA REGISTER 



1' I' 




, 1. 1 


TRANSMrr FIFO DATA REGISTER 


1 ' 1 < 


• 1 • 1 ' 1 ■ 


■ 1 « 1 


RESIDUAL Brr CONTROiySTATUS REGISTER 




, 1 . 1 . 1 . 


, |. 


Not Used 


Tiansaiitter Residue 
Bit Count 


Received Bit 
Residue 



Bits 2-0 

The three Received Bit Residue bits form a read only 
field that indicates the number of received residue bits 
in the padcet The default at Reset is all zeros. This field 
is cleared on either a read of the register, or a read of the 
LSB of the Receive Byte Conntier 



50 


CODE 


BITS RECEIVED 




000 


8 




001 


1 


55 


lii ' 


7 
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Bits 5-3 

The Transmit Residue Bit Count field allows the user 
to specify the number of bits to be transmitted in the last 
byte of the packet (data is loaded into the transmit 
FIFO in byte quantities). This is a read/write field, that 
is cleared by software, and defaults to all zeros at Reset 
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CODE 



BITS TRANSMITTED 



000 
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CODE 


BrrsTRANSMirrED 


001 


I 


111 


7 


APPENDIX B 
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with the 16«bit value stored in the Baud Rate Divisor 
Regbters. 

INTERRUPT ENABLE REGISTER. The Inter- 
rupt Enable Register is an eight*bit read/write register 
used to enable specific interrupt sources. Setting a spe» 
cific bit to ONE enables its corresponding interrupt. 
The default value at Reset is all ZEROs. Resetting a bit 
to ZERO disables the interrupt and resets the interrupt 
pin if the corresponding condition is present. 
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6 


5 


4 


3 


2 


1 


0 


NOT 


XMIT* 


SPCL* 


RECV* 


MODEM 


RECV 


XMrr 


RECV 


USED 


LINE 


CHAR 


FIFO 


STATUS 


LINE 


FIFO 


RFO 




STATUS 


RECVD 


TIMEOUT 




STATUS 


TR 


TR 



BIT 


INTERRUPT SOURCE 


0 


Receive FIFO 404 threshold reached 


I 


Transmit FIFO 424 threshold reached 


z 


Receiver line status: overrun, parity* break, framing (412) 


3 


Modem status: CTS» DSR 


4 


UART status: receive FIFO timeout 


s 


UART status: Special character received (412) 


6 


Transmit line status: transmit shift register 420 empty 


7 


Not Used 



*Not pKient in the 8250 



UART 54 Status/Conuol Registers (408) 

RECEIVE FIFO DATA REGISTER 404a The ^0 
receive FIFO Data Register 404« (FIG. 21) (read only) 
is the output side of the receive FIFO. Data received by 
the UART 54 is read from the Receive FIFO 404. by 
the processor 18. The register is eight bits wide. Bit 0 35 
corresponds to the least significant data bit. which is the 
first bit to be transmitted or recdved, The default value 
at Reset is all ZEROs. 

TRANSMIT FIFO DATA REGISTER 424a. The 
Transmit FIFO Data Register 424a (FIG. 21) is a write ^0 
only input to the transmit FIFO 424. Data placed in this 
eight bit wide register is transmitted out of the transmit 
FIFO 424 least significant bit fkst (bit 0). The defeult 
value at Reset is all ZEROs. . . 

BAUD RATE DIVISOR LEAST-SIGNIFICANT 
BYTE AND MOST-SIGNIFICANT BYTE REGIS- 
TERS. These two eight-bit registers contain the low 
order and high order eight bits of the number by which 
the UART clock input (UARTCLK) is to be divided by 50 
Baud Rate Generator 414. Bit 0 of each register is the 
least significant bit of each byte. The default value at 
Reset is all ZEROs. When the two registers are com- 
bined the divisor is as follows: 



0000000(X)0000001 » DIVIDE BY 1 



limUinitUll = DIVIDE BY 6S33S 
0000000000000000 =r DIVIDE BY 63536 



55 



60 



Divide by 1 passes the UARTCLK through unaf- 
fected. This allows the receiver and transmitter to oper- 
ate off of separate external clocks. 

Any write to either the MSB or LSB Divisor Regis- 
ters causes the baud rate generator 414 to be loaded 



INTERRUPT IDENTIFICATION REGISTER. 
This is a four-bit read-only register used to identify 
which UART status register contains an interrupting 
condition. Unused bit positions (7-4) contain ZEROs 
when this register is read. 



BUS 7-4 


Brrs 3-1 


arro 


NOT USED 


INTERRUPT 


INTERRUPT 




SOURCE 


PENDING 



BIT 0: The interrupt pending bit is cleared to ZERO 
if any interrupt is pending. The default value at Reset is 
ONE. BITS 3-1: This field identifies the highest prior- 
ity source of all interrupts. The default value at Reset is 
all ZEROs. 



BfT 








321 


PRIORITY 


SOURCE 


RESET BY 


000 


Fourth 


GTS, or DSR 


Reading the Modem 
SUtus Register 


001 


tliifd 


Trannnit FIFO 424 
Threshold Reached 


Reading this register 
AND int source » 
001 


010 


Second 


Receive FIFO 404 
Threshold Reached 


Reading thu register 
AND int source — • 
010 


0 1 1 


Pint** 


Overma, Parity, 
Special Character 
Received, 
Framing, or Break 


Reading Line Status 
Register 


100 


Rfth* 


Reveive FIFO 404 
Timeout 


Reading UART Status 
Register 


101 


Siith* 


Truumit shift 
register 420 Empty 


Reading this register 
AND int source = 
101 


BITS7^Notased 


-0 





*Not present in the 82S0 

**SunQ{taneous receipt of a special cbaracter or a cliaracter with a parity error, and 
a threshold reached condition must cause the intenvpt request to be generated for 
the special charaaer or parity error prior to the generatioa of the threshold reached 
internq>t. 
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LINE CONTROL REGISTER. The eight-bit Line 
Control Register is used to allow microprocessor 18 to 
program the serial interface parameters, as well as to 
request that a break condition be transmitted. The de- 
fiauilt value at Reset is all ZEROs. 



68 



LINE STATUS REGISTER. The eight bit Line 
Status Register contains flag bits, that when set, indicate 
the presence of a condition that when ANDed with the 
appropriate interrupt enable bits of the Interrupt Identi- 
fication Register can generate a line status interrupt. 



7 


6 


5 


4 


3 


2 


■ 1^ ■■■ 


DLAB 


BREAK 


STICK 


EVEN 


PARITY 


#OF 


CHARACTER 






PARITY 


PARITY 


ENABLE 


STOP 


LENGTH 








SET 




BITS 





BIT: 



1»0 Bits 0 and 1 deftoe the character length. 
BIT 1 0 LENGTH 
S 
6 
7 



00 
01 
10 

1 1 



2 Bit 2 defines the number of stop bits. A 0 selects one stop bit, a 1 selects either 1.5 
stop bits for 6ve bit characters, or 2 stop bits for siac, seven, or eight 

bit characters* 

3 Bit 3 enables parity generation and checking, when set 

4 Bit 4 selects between even and odd parity; even, when set 

5 When bits S and 3 axe set, parity b transmitted in the state opposite that indicated by 
bit 4. 

6 Bit 6 is used to request that a break condition be sent The UART will send the break 
pattern whenever bit 48 6 is set (sent after current character has been tcansmitted). The 
shift register and transmit FIFO contents are also discarded. The Uce win return to 
normal operation when the bit is cleared. 

' The Divisor Latch Access Bit must be set in order to access the Baud Rate Divisor 
Registers, and cleared to access the Receive and Transmit FIFO Data Registen, 
and the Interropt Enable Register 



MODEM CONTROL REGISTER. The five bit Bits 1, 2, 3, 4, and 7 are cleared by reading the Lme 
Modem Control Register allows the CPU to mainpulate Status register. Bit 5 is cleared when the condition goes 
the link handshake signals. Additionally, the UART can away» but the interrupt is cleared by reading the Inter- 
be placed fax a Loop Back mode for testing. Unused bits 35 rupt Identification Register (when the identification 
(7-5) should be ZEROs when the register is read. The register is reporting this interrupt). Bits 0, and 6 are 
default value at Reset is all ZEROs. clearied when the causing condition is no longer present. 





1 ^ 


1 ^ 


1 ' 


1 3 


1 ' 1 ' 




1 N.U. 


\ N.U. 


1 N.U. 


1 LOOP 


|OUT2/» 


|0UTI/»| RTS/ 


1 DTO/ 1 



BIT FUNCTION 

0 Places DTR/ in its active state (low) when set. 

1 Phttes RTR/ in its active state (low) when set 

2 Places Ontputl/ ui its active stote Cow) when set This a a general purpose 
coatiDl pin. 

3 Places Oatpiit2/ in ito active state (low) when set This b a general purpose 
control pin. 

4 Places the UART hi a Local Loop Back oonditioo. 

5 Not used 0 

6 Not used = 0 

7 Not used 0 

niwse bits may be lead and written to the mPQ bin do am afreet the ftito 
iattdes "RBSB&VBiriB the IDrC data sheet liaee they are not pinned ottt 

The default values at Reset are shown below. 



7 


6"- 


5 


♦ • 


'3 


2 


1 


0 


SPCL* 


XMIT 


XMTT 








RECV 


RECV 


CHAR 


S.R. 


FIFO 




FRAME 


PARITY 


BUFF 


DATA 


RECV 


EMPTY 


TR 


BREAK 


ERROR 


ERROR 


OVERRUN 


AVAIL 



BIT FUNCTION 



0 Receive data available in Receive FIFO Data Register 404a. Cleared when receive FIFO 404 empty. 
Default « 0 

1 Ovemm error from Receive FIFO 404 (receive data lost). Default = 0 

2 Receive Parity error detected by block 412. Default n 0 

3 Framing error (uvatid stop bit) detected fay block 41Z Character with firamhig 
error is not loaded bito the receive FIFO 404. Defoidt » 0 
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-continued 



7 


6 


5 


4 


3 


2 


1 


0 


SPCL* 


XMIT 


XMIT 








RECV 


RECV 


CHAR 


S.R- 


FIFO 




FRAME 


PARITY 


BUFF 


DATA 


RECV 


EMPTY 


TR 


BREAK 


ERROR 


ERROR 


OVERRUN 


AVAIL 



BIT FUNCTION 

4 Break condition detected by block 41Z Default s 0 

5 Transniit FIFO 424 threshold reached. Geared whea FIFO levd rites above threshold. Default 1 

6 Transmit shif^ register 420 empty (last character sent). Cleared when FIFO 424 and shift 
register 420 are ao longer empty. I^efault I 

7 Special character received detect by block 412. Set when special character is 

loaded into the FIFO 404, cleared when Line Status Register is read. Defadt « 0 

•Not present is the S250 

MODEM STATUS REGISTER. The eight-bit UART STATUS REGISTER. The five-bit UART 

Modem Status Register is used to indicate the condition Status Register reports status conditions that do not 

of the link handshake input signals, as well as the pres- occur in an 8250 UART. Additionally, the "character 

ence of a change in their status. Bits 3-0 default to 0 on with parity error available" bit is located in this register. 

Reset, bits 7-4 reflect the input status. The default value at Reset is all ZEROs, except bit 4 



7 


6 


5 


4 


3 


2 

RI 


I 


0 






DSR/ 


CTS/ 


DELTA 


TRAIL 


DELTA 


DELTA 


RLSD/» 




STATUS 


STATUS 


RLSD* 


EDGE* 


DSR 


CTS 



BfT FUNCTION 

0 Set if CTS/ has changed since this register was last read. 

1 Set if DSR/ has changed since this register was last read. 

2 Set by the trailing edge of Ring Indicate (RI/ on to off transition). 

3 Set if Receive Line Signal Detect has changed since this register wis last read. 

4 SUtus of the CTS/ tine (set if active - lowX 

5 Status of the DSR/ line (set if active - low). 

6 SUtus of the RI/ line (set if active - low). 

7 Status of the RLSD/ line (act if active - low). 

•Must be aoMiscrtecl in hudwue in the IDPC THeae bits most be libted -RESERVED" ia (he IDPC dtat sheet since they 
are not pinned out 

UART CONTROL REGISTER. The eight bit which is a ONR Bit zero is cleared when the register is 
UART Control Register is used to control non-8250 40 read^ Bits 1-4 are cleared when the corresponding con- 
like functions. Additionally, the UART software Reset dition is no longer present, 
bit is located here. 



7 


6^ 


4,3 


2 


I 


0 




TRANSMrr 


RECEIVE 




XMrr 


RECV 




FIFO 


FIFO 


SYNC 


CLOCK 


CLOCK 


RESET 


THRESHOLD 


THRESHOLD 


SELECT 


SOURCE 


SOURCE 



BIT FUNCTION 



0 Receive dock MUX 410 select: set for intenial baud rate gencfaior 414» clear for 
external (RXCLK). De&ulC at Reset « a 

1 Transmit clock MUX 418 select : set for internal baud rate generator 414, dear for 
extenial (RXCLK). Default at Reset => 0. 

2 Sync select Set for synchronous, clear for asynchronous. Default at Reset = 0. 
3,4 Receiver FIFO 404 threshold reached is set when the number of bytes In the . 

FIFO is equal to or greater than this levd. Default at Reset » 1 1. 
01 = 1 
10 = 2 
U = 3 
00 = 4 

3,6 Transmit FIFO 424 threshokl reached b set when the number of bytes in the RFO 
is less than or equal to this levd. Default at Reset = OOi 

00 =:0 

01 1 

10 = 2 

11 3 

7 The UART 54 is Reset to its default condition when this bit ia set by software. 
The Reset operatbn is idendcal to a hardware Reset viathe RST pin. This bit is 
cleared by die Reset operation. Default « 0. 
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• 7 


6 


5 


4 


3 


2 


I 


0 








XMIT 


RECV 


SPECIAL 


CHARW/ 


RECV 








BUF 


FIFO 


CHAR 


Parity 


FIFO 


N.U. 


N.U. 


N.U. 


AVAIL 


TR 


AVAIL 


AVAIL 


TIMEOUT 



Brr FUNCTION ' 

0 Receive FIFO 404 timeout occuired, cleared when register read. 

1 Character with parity error detected by block 412 is available, set when a character with 
a parity error reaches the output of the receive FIFO 404a. cleared when a character is 
read from the FIFO. 

2 Special character detected by block 412 is available, set when special 
character is at FIFO 412 is available, cleared when character read from FIFO. 

3 Receive FIFO 404 Threshold Reached. Cleared when the number of bytes in the receive FIFO 
falls below the threshold level. 

4 This bit is set whenever the transmit FIFO Data 

Register 424a is empty. This conditioo does not generate an inteiropt Default ■> 1 
S-7 Not used. 



What is claimed is: 

1. A dual-port tuning controller (DPTQ connected 2q 
to a source of clock signals receiving control signals 
from a local processor including a local data transmit/- 
receive (LDT-R) signal and a local processor access 
request (LREQ) signal and control signals from a host 
processor including a host data transmit/receive (HDT- 25 
R) signal and a host processor access request (HREQ) 
signal and generating signals to a shared random access 
memory (RAM) (22a) and to arbitration means (502, 
504, 506, 508, 510, 512) responsive to a plurality of 
arbitration control signals, for arbitrating and establish- 
ing read/write access to said shared RAM by said local 
and said hot processor, said DFTC providing said 
read/write access to said shared RAM by said local and 
said host processor, said DFTC comprising: 35 

means (520) connected to said source of clodc signals 
for synchronizing said host request signal to said 
clock signals and generating a synchronous host 
request signal; 

means (522) connected to said source of clock signals 40 
responsive to said local request signal and said 
synchronous host request signal for generating a 
host memory cycle timing (HCYCLE) signal and a 
local memory cycle timing (LCYCLE) signal, and 
a memory access enable (OO) signal, therefrom, 43 
implementing predetermined cycle arbitration pro- 
cedures; 

means (524) connected to said source of clock signals 
receiving said LDT-R and HDT-R signals for gen- 
erating a plurality of control signals conducted to 50 
said shared RAM and generatmg a memory access 
disable (STOP) signal; and 

means (526, 528, 530, 532) connected to said source of 
clock signals receiving said LCYCLE and HCY- 
CLE signals, said STOP signal and said HDT-R 33 
signal for generating a plurality of control signals 
to said arbitration means. 

2. A data protocol controller fabricated as a single 
integrated circuit including a dual-port timing control- 
ler (DPTC) connected to a source of clock signals re- ^ 
ceiving control signals from a local processor including 

a local data transmit/receive (LDT-R) signal and a 
local processor access request (LREQ) signal and con- 
trol signals from a host processor including a host data 55 
transmit/receive (HDT-R) signal and a host processor 
access request (HREQ) signal and generating signals to 
a shared random access memory (RAM) (22a) and to 



arbitration means (502» 504, 506, 508, 510, 512), respon- 
sive to a plurality of arbitration control signals, for 
arbitrating and establishing read/write access to said 
shared RAM by said local and said host processor, said 
DPTC providing said read/write access to said shared 
RAM by said local and said host processor, said DPTC 
comprising: 

means (520) connected to said source of clock signals 
for synchronizing said host request signal to sakl 
clock signals and generating a synchronous host 
request signal 

means (522) connected to said source of clock signals 
responsive to said local request signal, said syn- 
chronous host request signal for generating a host 
memory cycle timing (HCYCLE) signal and a 
local memory cycle timing (LCYCLE) signal, and 
a memory access enable (GO) signal, therefrom, 
unplementing predetermined cycle arbitration pro- 
cedures; 

means (524) connected to said source of clock signals 
receiving said LDT-R and HDT-R signals for gen- 
erating a plurality of control signals conducted to 
said shared RAM and generating a memory access 
disable (STOP) signal; and 

means (526, 528, 530, 532) connected to said source of 
clock signab receiving said LCYCLE and HCY- 
CLE signals, said STOP signal and said HDT-R 
signal for generating a plurality of control signals 
to said arbitration means; 

wherein said control signals received from said host 
processor ftoher includes a host interrupt request 
(HINTIN) signal and a host interrupt acknowledge 
(HINTACK) signal and wherein said control sig- 
nals received from said local processor further 
include a local interrupt request (LINTIN) signal 
and a local interrupt clear (LINCTCLR) signal, 

said data protocol controller further including inter- 
processor interrupt (IPI) means (596) connected to 
said host processor and said local processor receiv- 
ing said LINTIN, HINTACK, LINTIN and 
LINTCLR signals for generating a host interrupt 
out (HINTOUT) signal and a local interrupt out 
(LINTOUT) signal, 

whereby said local processor and said host processor 
communicate messages placed in said shared RAM 
through a predetermined sequence of said host 
uterrupt signals and saui local Interrupt signals. 
« * > * * 
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